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FOREWORD 

This  report  was  prepared  for  the  Department  of  the  Air  Force, 
Space  and  Missile  Systems  Organization  (SAMSO) ,  in  compliance 
with  Contract  No.  F04704-78-C-0027  ,  CDRL  Item  005A2.  It  pre¬ 
sents  geological,  geophysical,  and  geotechnical  data  and  evalu¬ 
ates  the  suitability  of  portions  of  Nevada  and  Utah  for  siting 
the  MX  Land  Mobile  Advanced  ICBM  System. 

This  report  is  the  first  of  several  Verification  reports  which 
will  be  prepared.  The  objectives  are  to  verify  sufficient 
suitable  area  for  deployment  of  the  MX  System  and  to  provide 
preliminary  physical  and  engineering  characteristics  of  the 
soils.  The  Verification  studies  are  the  final  phase  of  a  site- 
selection  process  which  was  begun  in  1977.  Previous  studies 
have  been  termed  Screening,  Characterization,  and  Ranking.  In 
preparing  this  report,  it  has  been  assumed  that  the  reader  is 
familiar  with  these  previous  studies. 

In  this  report,  discussions  are  limited  to  the  hybrid  trench 
and  vertical  shelter  basing  modes.  In  most  cases,  the  discus¬ 
sions  and  data  for  hybrid  trench  also  apply  to  the  horizontal 
shelter  since  the  depth  of  excavation  is  about  the  same.  In 
particular,  suitable  area  for  the  hybrid  trench  will  also  be 
suitable  for  the  horizontal  shelter. 

Results  of  the  FY  79  Verification  Studies  are  contained  in 
11  volumes  as  follows: 

Geotechnical  Results 

*  Volume  1A  -  Sections  1.0,  2.0,  and  3.0  contain  Introduc¬ 

tion,  Results  and  Conclusions,  and  Recommendations  for 
Future  Studies.  Sections  4.0  through  6.0  contain  summary 
geotechnical  discussions  for  Whirlwind,  Snake  East,  and 
Hamlin  CDPs. 

Volume  IB  -  Sections  7.0  through  10.0  contain  summary  geo¬ 
technical  discussions  for  White  River  North,  Garden-Coal, 
Reveille-Railroad  and  Big  Smoky  CDPs.  Section  11.0  briefly 
explains  previous  work  performed  in  Dry  Lake  and  Ralston 
sites.  A  bibliography  and  appendix  follow  Section  11.0. 

Geotechnical  Data  Volumes 

Volume  II  -  Whirlwind  CDP 
Volume  III  -  Snake  East  CDP 
Volume  IV  -  Hamlin  CDP 
Volume  V  -  White  River  North  CDP 
Volume  VI  -  Garden-Coal  CDP 

Volume  VII  -  Reveille-Railroad  CDP 
Volume  VIII  -  Big  Smoky  CDP 
Volume  IX  -  Dry  Lake  CDP 
Volume  X  -  Ralston  CDP 

*  This  volume  is  presented  herein. 
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1.0  INTRODUCTION 

1.1  PURPOSE  AND  BACKGROUND 

This  report  presents  the  results  of  a  geotechnical  Verification 
investigation  which  has  been  conducted  during  the  1979  fiscal 
year  in  portions  of  the  states  of  Nevada  and  Utah  (Figure  1-1) . 
A  Verification  investigation  was  also  conducted  in  portions  of 
Arizona;  the  results  will  be  presented  in  a  separate  report. 
Verification  is  the  final  phase  of  a  site  selection  process 
which  was  begun  in  1977  to  identify  several  regions,  each  con¬ 
taining  between  6000  and  7300  square  miles  (mi2)  (15,500  and 

18,900  km2),  which  will  be  "suitable"  (see  Appendix  Section  A2.0 
for  criteria)  for  deploying  the  MX  advanced  Intercontinental 
Ballistic  Missile  System. 

Preceding  phases  of  the  site  selection  process  were: 

1.  SCREENING:  Nationwide  literature  and  map  studies  to  iden¬ 

tify  potential  suitable  areas  based  on  a  set  of  geotechni¬ 
cal,  cultural,  and  environmental  criteria.  The  study  was 
conducted  in  three  phases:  Coarse,  Intermediate,  and  Fine. 
At  the  completion  of  the  Fine  Screening  studies,  approxi¬ 
mately  74,000  mi2  (192,000  km2)  of  area  had  been  identified 
as  potentially  suitable  in  seven  states  in  the  western 
United  States.  % 

2.  CHARACTERIZATION:  Field  studies  in  representative  areas, 

in  combination  with  more  detailed  literature  and  map 
studies,  to  better  define  the  geotechnical  conditions  and 
refine  suitable  area  boundaries  that  had  been  identified 
during  the  Screening  studies. 
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3.  GEOTECHNICAL  RANKING:  A  comparison  of  seven  Candidate 

Siting  Regions,  based  on  the  relative  cost  of  geotechnically 
related  construction  items.  The  rankings  were  performed  for 
the  hybrid  trench,  vertical  shelter,  and  horizontal  shelter 
MX  basing  modes. 

The  schedule  of  these  studies  is  shown  in  the  following  diagram, 
which  also  identifies  the  Fugro  National  technical  report  for 
each. 


The  primary  objective  of  the  Verification  studies  is  to  refine 
and  improve  confidence  in  suitable  area  boundaries  that  were 
determined  from  the  previous  programs.  In  contrast  to  previous 
studies  which  were  based  primarily  on  published  information, 
the  Verification  studies  are  based  on  field  investigations. 
These  studies  have  concentrated  on  refining  suitable  area  bound¬ 
aries  and  obtaining  geotechnical  data  for  preliminary  engineer¬ 
ing  design  use  prior  to  site-specific  studies.  The  design  and 
scope  of  these  studies  are  based  on  the  results  of  the  Ranking 
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studies  which  pointed  out  those  geotechnical-related  factors 
that  have  the  greatest  influence  on  construction  costs. 

1  •  2  OBJECTIVES  FY  7 9 

The  FY  79  geotechnical  Verification  studies  in  the  Nevada-Utah 
area  have  four  major  objectives. 

1.  Verify  and  refine  suitable  area  boundaries  in  the  study 
area  for  hybrid  trench,  vertical  shelter,  and  horizontal 
shel te r . 

2.  Provide  preliminary  physical  and  engineering  characteristics 
of  the  soils. 

3.  Identify  problem  areas  or  areas  with  data  gaps  where  addi¬ 
tional  field  work  will  be  necessary. 

4.  Recommend  additional  areas  for  study,  if  needed,  for  deploy¬ 
ment  of  the  MX  system. 

1 . 3  STUDY  APPROACH  AND  SCOPE 
1.3.1  Study  Approach 

The  suitable  area  identified  during  previous  studies  was  based 
primarily  on  available  literature  and  very  limited  site-specific 
investigation.  To  verify  that  these  areas  are,  in  fact,  suit¬ 
able  and  to  improve  the  boundaries  between  suitable  and  unsuit¬ 
able  areas,  it  was  considered  essential  that  actual  conditions 
be  determined  from  field  studies.  Because  of  the  large  size  of 
the  area  required  for  deployment  of  the  MX  system,  it  was  not 
possible  to  carry  out  detailed  studies  in  all  potentially  suit¬ 
able  areas  in  Nevada  and  Utah  during  FY  79.  Thus,  the  FY  79 
program  focused  on  a  portion  of  the  overall  area  which  could  be 
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studied  during  the  year.  The  whole  Nevada-Utah  study  area  was 
divided  into  22  Candidate  Deployment  Parcels  (CDPs) .  CDPs  are 
discrete  geographic  units  devised  for  organization  and  manage¬ 
ment  of  geotechnical,  environmental,  and  cultural  data  collected 
during  FY  79  and  future  siting  studies.  The  CDPs  do  not  imply 
final  boundaries  or  areas  for  MX  deployment.  The  suitable  area 
within  each  CDP,  prior  to  the  Verification  studies,  typically 
varied  between  200  and  500  mi^  (520  and  1300  km^) . 

Within  the  22  CDPs,  two  levels  of  study  were  performed.  Studies 
involving  subsurface  investigative  techniques  were  conducted  in 
portions  of  seven  CDPs;  these  were  termed  "Verification  Sites." 
These  sites  are  located  in  the  following  CDPs:  Whirlwind,  Snake 
East,  Hamlin,  White  River  North,  Garden-Coal,  Reveille-Railroad, 
and  Big  Smoky  (Figure  1-2) .  In  addition  to  the  seven  sites,  Dry 
Lake  and  Ralston  sites,  also  shown  in  Figure  1-2  were  investi¬ 
gated  during  the  earlier  Characterization  program  (FN-TR-26e) 
and  are  now  considered  Verification  sites. 

Those  suitable  areas  within  the  Nevada-Utah  study  area  and  out¬ 
side  the  Verification  sites  were  termed  "Geologic  Reconnais¬ 
sance  Sites."  Field  activities  were  limited  to  geologic  inspec¬ 
tion  and  no  subsurface  information  was  obtained. 

1.3. 1.1  Verification  Site  Studies 
The  Verification  Site  studies  consisted  of  a  combination  of 
geologic,  geophysical,  and  soils  engineering  investigations 
designed  to  differentiate  suitable  and  unsuitable  area  and  to 
obtain  basic  information  about  the  geotechnical  characteristics 


T 


iL.  INC 


90UN0ARY 


FN-TR-27-1A 


7 


of  the  basin-fill  materials.  The  field  program  is  shown  sche¬ 
matically  in  Table  1-1.  The  parameters  which  were  evaluated 
are  shown  as  column  headings  and  the  applicable  investigative 
techniques  are  listed  below.  The  techniques  are  described  in 
detail  in  the  Appendix. 

1.3. 1.2  Geologic  Reconnaissance  Site  Studies 


Reconnaissance  Site  studies  were  limited  to  two  activities: 

o  photogeologic  mapping;  and 

o  limited  field-checking  to  verify  photo  interpretations. 
Reconnaissance  Site  studies  provided  a  means  of  detecting 
unsuitable  area  which  had  not  been  identified  during  previous 
studies  because  of  inadequate  data  or  maps.  Surface  rock  was 
identified  on  the  aerial  photos  and  confirmed  by  field  observa¬ 
tions.  Areas  interpreted  to  have  a  high  probability  of  shallow 
rock  or  water  were  identified  for  Verification  Site  studies 
planned  during  the  FY  80  program.  Areas  of  questionable  or 
unsuitable  terrain  were  field-checked. 


The  Reconnaissance  Site  studies  have  provided  a  means  of  improv¬ 
ing  suitable  area  boundaries  and  a  basis  for  planning  more 
extensive  Verification  Site  studies.  Suitable  area  boundaries 
will  be  refined  again,  taking  into  account  depth  to  rock  and 
ground  water  based  on  subsurface  information  during  the  FY  80 
Verification  Site  studies. 


1.3.2  Scope 

Table  1-2  lists  the  types  and  number  of  activities  that  were 
performed  in  the  Verification  sites.  Figure  1-2  lists  the 
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number  of  activities  that  were  performed  in  each  Verification 
site. 

Field  work  was  started  on  16  October  1978  and  continued  until 
20  December.  During  January,  February  and  March  1979,  when 
inclement  weather  existed  in  the  study  area,  office  studies 
(data  reduction  and  analysis)  were  performed.  Field  studies 
were  resumed  in  Nevada  on  19  March  and  continued  for  four  more 
weeks.  The  total  field  time  in  Nevada-Utah  was  approximately 
70  days. 

Prior  to  starting  Verification  field  studies,  a  program  plan  was 
developed,  logistics  were  planned,  and  photogeologic  mapping  was 
initiated.  Access  was  arranged  through  the  U.S.  Bureau  of  Land 
Management  ( BLM)  district  offices  in  Ely  and  Battle  Mountain, 
Nevada  and  Richfield  and  Cedar  City,  Utah.  At  BLM's  request, 
all  field  activities  were  performed  along  existing  roads  or 
trails  to  minimize  site  disturbance.  Archaeologic  and  environ¬ 
mental  surveys  were  performed  at  each  proposed  activity  loca¬ 
tion.  Activity  locations  were  changed  in  those  few  instances 
where  a  potential  environmental  or  archaeological  disturbance 
was  identified. 

1.4  ANALYSIS  OF  SUITABLE  AREA 

The  primary  objectives  of  the  FY  79  Verification  Studies  have 
been  to  verify  suitable  areas  and  to  refine  suitable  area 
boundaries  in  the  Nevada-Utah  study  area  based  on  field  studies. 
The  reader  must  be  aware  of  the  limitations  of  the  investiga¬ 
tions  to  date  and  must  recognize  that  additional  revisions 
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regarding  the  suitability  of  some  areas  will  be  required  as  the 
studies  continue.  The  suitable  area  reported  here  is  based  on 
two  different  levels  of  investigation.  A  higher  level  of  confi¬ 
dence  is  associated  with  the  Verification  sites  because  the 
studies  there  were  more  extensive  and  included  subsurface  infor¬ 
mation  obtained  from  test  pits,  trenches,  borings,  and  geophysi¬ 
cal  surveys.  These  sites  cover  approximately  35  percent  of  the 
total  area  studied.  In  the  remaining  65  percent  of  the  area, 
studies  were  limited  to  geologic  photo  interpretation  and  field 
reconnaissance. 

Because  of  the  differences  in  the  amount  of  data  collected  for 
Verification  and  Reconnaissance  sites,  different  procedures 
were  used  to  determine  suitable  area.  These  differences  are 
explained  in  the  following  three  sections. 

1.4.1  Depth  to  Rock 

In  the  Verification  sites,  50-  and  150-foot  depth  to  rock  con¬ 
tours  were  estimated  and  are  shown  on  the  Depth  to  Rock  maps  in 
the  individual  CDP  sections  (Sections  4.0  to  10.0).  The  con¬ 
tours  are  based  on  limited  boring  and  geophysical  data  in  combi¬ 
nation  with  geologic  interpretation.  The  interpretation  consid¬ 
ers  the  presence  or  absence  of  range-bounding  faults,  bedding 
plane  attitudes,  evidence  of  erosional  features  such  as  pedi¬ 
ments,  and  the  presence  or  absence  of  young  volcanic  rocks. 

In  the  Reconnaissance  sites,  50-  and  150-foot  depth  to  rock 
contours  were  not  determined  since  geologic  field  studies  were 
limited  and  there  were  no  subsurface  data.  In  these  areas, 
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suitable  area  is  based  on  soil-rock  contacts  which  can  be 
located  relatively  accurately  on  aerial  photos.  A  rock  reduc¬ 
tion  factor  was  used  to  estimate  actual  suitable  area;  the  tech¬ 
nique  is  described  in  Section  2.0. 

1.4.2  Depth  to  Water 

The  location  of  50-  and  150-foot  depth  to  ground-water  contours 
has  been  estimated  for  all  the  suitable  areas  within  the  Nevada- 
Utah  study  area  shown  in  Figure  1-1.  The  reliability  of  the 
interpretations  are  highly  variable,  depending  on  the  source  of 
available  data.  In  some  of  the  Verification  sites,  refinements 
in  contour  locations  were  made  using  water  well,  boring  or 
geophysical  data.  Such  refinements  were  very  limited  and  it  can 
be  expected  that  suitable  area  boundaries  will  change  as  new 
data  are  collected. 

Depth  to  water  maps  have  been  prepared  for  all  Verification 
sites  and  are  presented  in  the  individual  CDP  sections.  Data 
used  to  determine  the  locations  of  depth  to  water  contours  are 
also  shown  on  these  maps. 

1.4.3  Terrain 

During  Screening  studies,  areas  were  excluded  because  of  unsuit¬ 
able  terrain.  The  major  exclusion  criterion  was  a  maximum  per¬ 
missible  grade  of  10  percent  and/or  a  preponderance  of  10  per¬ 
cent  slopes  over  a  given  area  as  in  rolling  or  highly  dissected 
terrain.  In  many  of  the  areas  studied,  detailed  topographic 
maps  have  not  been  made  and  the  available  maps  have  contour 
intervals  of  20  feet  (6  m)  or  more.  Such  maps  do  not  show 
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topographic  conditions  with  sufficient  detail  to  make  an  accu¬ 
rate  evaluation  of  terrain  suitability. 

To  provide  preliminary  information  about  terrain  conditions, 
terrain  maps  have  been  produced  and  are  presented  in  the  indi¬ 
vidual  CDP  discussions.  These  "interpretive"  maps  are  based  on 
an  evaluation  of  existing  maps,  aerial  photos,  field  observa¬ 
tions,  and  the  distribution  of  geologic  units.  More  accurate 
topographic  maps  will  be  necessary  to  improve  suitable  area 
boundaries  and  provide  detailed  terrain  data  for  basing  mode 
layout  studies. 

1.5  ANALYSES  OF  BASIN-FILL  CHARACTERISTICS 

In  addition  to  the  primary  objective  of  refining  suitable  area 
boundaries,  a  secondary  objective  was  to  provide  preliminary 
physical  and  engineering  properties  of  the  basin-fill  materials. 
These  data  will  be  used  for  preliminary  engineering  design 
studies,  assist  planning  of  future  site-specific  studies,  and 
provide  data  to  other  MX  participants. 

The  investigation  of  engineering  properties  were  designed 
primarily  to  obtain  information  needed  for  construction  activ¬ 
ities.  Particular  emphasis  has  been  placed  on  the  surficial 
soil  conditions  as  related  to  road  construction,  a  major  cost 
item.  Moderate  emphasis  has  been  placed  on  soil  conditions  in 
the  upper  20  feet  (6  m)  since  this  would  be  the  approximate 
depth  of  excavation  for  the  trench  or  horizontal  shelter  con¬ 
cept.  Limited  data  have  been  obtained  from  borings  drilled  to  a 
depth  of  160  feet  (49  m) ,  which  is  the  lepth  of  interest  for  the 
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vertical  shelter  basing  mode.  The  length  of  the  seismic  refrac¬ 
tion  lines  was  also  chosen  to  obtain  information  to  160-feet 
(49-m) . 

To  assist  in  determining  the  distribution  of  surficial  soils,  a 
surficial  geologic  map  has  been  prepared.  It  is  based  on  the 
interpretation  of  aerial  photos  and  field  mapping.  Other  data 
used  to  define  surficial  soil  conditions  include  surficial  soil 
samples,  test  pits,  trenches,  cone  penetrometer  tests,  and 
field  CBR  tests.  Samples  obtained  at  these  activity  locations 
were  tested  in  the  laboratory  to  determine  physical  and  engi¬ 
neering  properties.  The  cone  penetrometer  and  field  CBR  tests 
were  used  to  measure  in  situ  soil  properties. 

Data  obtained  from  test  pits,  trenches,  borings,  seismic  refrac¬ 
tion  lines,  and  laboratory  tests  were  used  to  estimate  soil 
properties  to  a  depth  of  20  feet.  Since  most  test  pits  were 
excavated  to  only  5  feet  (1.5  m)  ,  the  amount  of  data  from 
greater  depths  is  typically  limited  to  that  obtained  from  6  to 
8  trenches  and  5  to  7  borings.  These  11  to  15  data  points 
represent  a  very  small  percentage  of  the  total  area  in  a  typical 
Verification  site  (300  mi^;  780  km^) .  Thus,  the  range  of  prop¬ 
erties  presented  in  the  report  are  subject  to  revision. 

The  soil  parameters  between  a  depth  of  20  and  160  feet  are  based 
on  data  obtained  from  only  5  to  7  borings  within  each  Verifica¬ 
tion  site.  Considering  that  the  typical  spacing  between  borings 
was  5  to  7  miles  (8  to  11  km),  the  data  presented  may  not  be 
representative  of  an  entire  CDP. 
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1 . 6  REPORT  ORGAN IZATION  AND  DATA  PRESENTATION 
1.6.1  Report  Qrgani zation 

Results  of  the  FY  79  Verification  Studies  in  the  Nevada-Utah 
study  area  are  contained  in  nine  volumes.  Two  additional  vol¬ 
umes  will  be  prepared  to  present  data  from  the  two  Character i za¬ 
tion  sites  (Dry  Lake  and  Ralston). 

Volume  IA.  Sections  1.0,  2.0,  and  3.0  contain  Introduction, 

Results  and  Conclusions,  and  Recommendations  for  Future  Studies 
in  the  Nevada-Utah  study  area.  Sections  4.0  through  6.0  contain 
summary  geotechnical  discussions  for  Whirlwind,  Snake  East  and 
Hamlin  Verification  sites.  The  following  specific  topics  are 
included  within  each  of  these  sections. 

o  Geographic  Setting 
o  Scope  (of  site  studies) 
o  Geologic  Setting 
o  Surface  Soils  (Characterization) 
o  Subsurface  Soils  (Characterization) 
o  Terrain 
o  Depth  to  Rock 
o  Depth  to  Water 

o  Results  and  Conclusions  (Suitable  Area  and  Construction 
Considerations) 

o  Recommendations  for  Future  Studies 

Volume  IB.  Sections  7.0  through  10.0  contain  summary  geotech¬ 
nical  discussions  for  White  River  North,  Garden-Coal,  Reveille- 
Railroad,  and  Big  Smoky  Verification  sites.  Section  11.0 
briefly  explains  previous  work  performed  in  Dry  Lake  and  Ralston 
sites.  The  Appendix  included  with  Volume  IB  contains  a  glossary 
of  terms,  exclusion  criteria,  and  details  of  the  field  and 
office  techniques  used  in  the  Verification  program. 
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Volumes  II  through  X.  These  volumes  contain  detailed  "Geotech¬ 
nical  Data"  from  the  seven  Verification  sites  and  the  two  Char¬ 
acterization  sites.  Each  volume  contains  detailed  logs  of  all 
the  field  and  laboratory  activities  pertaining  to  one  CDP.  The 
identification  of  each  volume  is  listed  below. 

Volume  II  -  Whirlwind  CDP 
Volume  III  -  Snake  East  CDP 
Volume  IV  -  Hamlin  CDP 
Volume  V  -  White  River  North  CDP 
Volume  VI  -  Garden-Coal  CDP 
Volume  VII  -  Reveille-Railroad  CDP 
Volume  VIII  -  Big  Smoky  CDP 
Volume  IX  -  Dry  Lake  CDP 
Volume  X  -  Ralston  CDP 

1.6.2  Data  Presentation 
1 . 6 . 2 . 1  Maps 

A  suitable  area  map  (Drawing  2-1  in  pocket)  for  the  Nevada-Utah 
study  area  (scale  1:500,000)  is  included  in  Section  2.0.  It 
shows  the  suitable  area  for  the  hybrid  trench  and  vertical  shel¬ 
ter  basing  modes  as  determined  from  FY  79  Verification  field 
studies. 

The  pertinent  data  for  each  Verification  site  is  given  on  a  set 
of  six  foldout  maps  at  a  scale  of  1:125,000.  The  order  in 
which  these  maps  appear  within  each  section  (4.0  through  10.0) 
is  listed  below  and  includes  the  drawing  number  (the  X  should 
be  replaced  by  the  appropriate  Section  number) . 


o 

Activity 

Locations 

-  Drawing 

X-l 

o 

Sur f icial 

Geologic  Units 

-  Drawing 

X- 2 

o 

Terrain 

-  Drawing 

X- 3 

o 

Depth  to 

Rock 

-  Drawing 

X-4 

o 

Depth  to 

Water 

-  Drawing 

X-5 

o 

Suitable 

Area,  Hybrid 

Trench  and  Vertical  Shelter  -  Drawing  X-6 
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I  Drawings  X-3,  X-4,  and  X-5  present  the  data  whi<  n  were  used  to 

determine  the  suitable  area  boundaries  shown  in  Drawing  X-6. 
The  suitable  area  determined  for  each  Verification  site  has  been 
j  transferred  to  the  smaller  scale  map  (Drawing  2-1)  in  Sec- 

j  tion  2.0.  The  remaining  suitable  area  in  Drawing  2-1  is  based 

i 

<  on  the  Reconnaissance  studies  as  previously  discussed  (Sec- 

♦ 

i 

I  tion  1.4). 

1.6. 2. 2  Tables  and  Figures 

:  The  most  important  table  in  the  report  is  Table  2-1  in  Section 

i 

j  2.0.  It  lists  the  revised  suitable  area  for  each  of  the  22 

i 

j  CDPs  and  the  combined  total.  Other  tables  and  figures  included 

in  the  individual  CDP  sections  are  as  follows: 

Io  Scope  of  Activities  -  Table  X-l 

o  Characteristics  of  Surficial  Soils  -  Table  x-2 

o  Thickness  of  Low  Strength  Surficial  Soil  -  Table  X-3 

;  o  Seismic  Refraction  and  Electrical  Resistivity  -  Table  X-4 

o  Characteristics  of  Subsurface  Soils  -  Table  X-5 

The  figures  in  each  CDP  section  include  a  location  map  of  the 
Verification  site,  plots  showing  range  in  gradation  of  soils, 
and  soil  profiles. 
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2.0  RESULTS  AND  CONCLUSIONS 

2 . 1  SUITABLE  AREA 

Tables  2- 1 A ,  2-1 B ,  and  2-1C  present  a  listing  of  suitable  areas 
based  on  the  results  of  the  FY  79  Verification  Studies.  The 
suitable  area  interpretations  were  compiled  on  maps  at  a  scale 
of  1:125,000.  The  suitable  area  boundaries  were  digitized  and 
input  to  a  computer  program  to  calculate  the  area  within  the 
boundaries.  Table  2-1A  presents  the  FY  79  suitable  area  for  the 
seven  Verification  sites  and  the  two  previously  studied  Charac¬ 
terization  sites.  Table  2-1B  presents  the  FY  79  estimated  suit¬ 
able  area  for  the  Geologic  Reconnaissance  sites  in  those  CDPs 
where  Verification  studies  were  performed.  Table  2-1C  shows  the 
estimated  suitable  area  in  those  CDPs  where  no  Verification 
studies  have  been  performed  (i.e.,  the  entire  CDP  is  a  Geologi¬ 
cal  Reconnaissance  site).  In  the  Reconnaissance  sites,  the 
digitized  suitable  area  is  based  on  soil-rock  contacts  since  no 
subsurface  data  were  available  to  assist  in  determining  the 
location  of  50-  and  150-foot  (15-  and  46-m)  depth  to  rock  con¬ 
tours.  The  actual  suitable  area  will  be  less  than  the  digitized 
area  when  50-  and  150-foot  rock  depths  are  determined.  To  pro¬ 
vide  an  estimate  of  the  area  that  may  be  lost  due  to  50-  and 
150-foot  rock  conditions,  a  rock  reduction  factor  has  been 
applied.  The  factor  is  based  on  the  average  reduction  that  was 
calculated  for  the  FY  79  Verification  Sites.  The  reduction 
factor  is  0.82  and  0.74  for  the  hybrid  trench  and  vertical  shel¬ 
ter  basing  modes,  respectively. 
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TABLE  2  *1 A 


VERIFICATION  SITES 

STATE 

FY  79  SUITABLE  AREA 

2  2 

TREllCH  ^i  i  Hn  ) 

1  WHIRLWIND 

UTAH 

265  (685) 

225  (585) 

2  SNARE  EAST 

UTAH 

190  (490) 

135  (350) 

3  HAMLIN 

NEVADA 

245  (635) 

150  (390) 

4  DRY  LAKE 

NEVADA 

320  (B30 ) 

300  (775) 

5.  WHITE  RIVER  NORTH 

NEVADA 

255  (660) 

125  (325) 

6.  GARDEN-COAL 

NEVADA 

295  (765  ) 

250  (650) 

7  REVEILLE -RAILROAD 

NEVADA 

290  (750) 

155  (400) 

8  RALSTON 

NEVADA 

225  (5B5) 

200  (520) 

9  BIG  SMOKY 

NEVADA 

41  0  .  1  060) 

155  (400) 

TOTAL.  TABLE  2  l A 

2495(6460) 

1695  (4395) 

TABLE  2 

-IB 

GEOLOGIC 

STATE 

FY  79  ESTIMATED  SUITABLE  AREA  (2) 

RECONNA 1 SSANCE 
SITES  (1) 

TRENCH  mi'  ;  km2  ) 

■mH 

1.  WHIRLWIND 

UTAH 

45  (115) 

20  (50) 

2.  SNAKE  EAST 

UTAH 

160  (415) 

120  (310) 

3.  HAMLIN 

UTAH-NEVADA 

95  (245) 

65  (170) 

4.  DRY  LAKE 

NEVADA 

140  (365) 

125  (325) 

5.  WHITE  RIVER  NORTH 

NEVADA 

105  (270) 

70  (180) 

6.  GARDEN-COAL 

NEVADA 

150  (390) 

130  (335) 

7.  REVEILLE-RAILROAD 

NEVADA 

160  (415) 

135  (350) 

8.  RALSTON 

NEVADA 

140  (365) 

100  (260) 

9.  BIG  SMOKY 

NEVADA 

125  (325) 

65  (170) 

TOTAL.  TABLE  2-IB 

1120  (2905) 

830  (2150) 

NOTES: 

(1)  Geological  Reconnaissance  Sites*  those  CDPs  ot  portions  oi  CDPs  nhere  Verification 
Site  studies  viere  not  performed  in  FT  79. 

(2)  FT  79  Estimated  SuitaPle  Area-  an  3rea  reduction  factor  *as  applied  to  suitable 
area  in  the  COPs  or  portions  of  ths  COPs  nhert  FT  79  Verification  studies  nere  not 
performed  It  provides  estimates  of  the  amount  of  suitable  a rea  e i pec  ted  to  be 

remaining  »hen  suitable  area  boundaries  are  based  on  50-  and  150-foot  depth  to  roe*  contours 


TABLE  2  - 1 C 


GEOLOGIC 
RECONNAISSANCE 
CDPs  (1) 

STATE 

FY  79  ESTIMATED 

SUITABLE  AREA  (2) 

TRENCH  ) 

MranniwrgjnTM 

1  CAVE 

NEVADA 

1  05  (  27  0) 

90  (235) 

2.  OELAMAR 

NEVADA 

155  (400) 

I4Q  (365) 

3.  DUGWAY 

UTAH 

170  (440) 

125  (325) 

4  FISH  SPRINGS 

UTAH 

100  (260) 

55  (140) 

5.  LAKE 

NEVADA 

1  35  (505) 

1  05  (270) 

6.  PATTERSON  WASH 

NEVADA 

145  (375) 

90  (235) 

7  PENOYER 

NEVADA 

225  (585) 

155  (400) 

8  SNAKE  WEST 

UTAH-NEVADA 

135  (350) 

85  (220) 

9.  SPRING 

NEVADA 

135  (350) 

95  (245) 

10  STONE  CABIN 

NEVADA 

310  (805) 

220  (570) 

11  TIKABOO 

NEVADA 

140  (365> 

125  (325) 

12.  TULE 

UTAH 

445  (1155) 

315  (815) 

13.  WHITE  RIVER  SOUTH 

NEVADA 

35  (90) 

30  (60) 

TOTAL,  TABLE  2-1C 

2295  (5950) 

1630  (4225) 

TOTAL,  TABLE  2 -1 A 

TOTAL.  TABLE  2  IB 

TOTAL,  TABLE  2-IC 

2495  (6460) 

1120  (2905) 

2295  (5950) 

1695  (4395) 

830  (2150) 

1630  (4225) 

TOTAL,  VERIFICATION  STUDIES  FY  79 

5910  (15,315) 

4155  (10,770) 

ESTIMATED  SUITABLE  AREA 

FY  79  VERIFICATION  STUDIES 

NEVADA  UTAH 

WI  SITING  INVESTIGATION 

Uilt 

DEPARTMENT  OP  the  air  force  -  SAMSO 

2-1 

m  i  w  nr .  i  miin :  k  uul^jbi 

FN-TR- 27-lA 


20 


The  total  suitable  area  at  the  start  of  the  Verification  program 
and  remaining  as  a  result  of  the  FY  79  Verification  Studies  is 
summarized  in  the  following  table: 

Nevada-Utah  Suitable  Area,  mi2  (km2) 
Trench  Vertical  Shelter 

Start  of  Verification  7720  (20,000)  6750  (17,480) 

Completion  of  FY  79 

Verification  5910  (15,310)  4155  (10,760) 

Area  Lost  1810  (4690)  2595  (6720) 

Percent  Loss  23  38 

The  distribution  of  suitable  area  in  the  Nevada-Utah  study  area 
is  shown  in  Drawing  2-1.  The  modification  of  suitable  area 
boundaries  from  previous  Intermediate/Fine  Screening  studies 
(FN-TR-17  and  24)  results  from  a  more  detailed  application  of 
the  geotechnical  criteria  and  shifting  from  literature  based 
information  to  field  data.  All  criteria  applied  to  determine 
suitable  area  are  listed  in  the  Appendix,  Section  A2.0.  The 
three  major  criteria  which  have  affected  suitable  area  bound¬ 
aries  are: 

o  50  and  150  foot  water  depths; 
o  50  and  150  foot  rock  depths;  and 
o  adverse  terrain. 


2.1.1  Depth  to  Ground  Water 

The  depth  to  ground  water  criterion  has  had  the  greatest  impact 
on  suitable  area  during  the  Verification  program.  With  the 


addition  of  data  obtained  in  this  study,  the  configuration  of 


ground-water  contours  changed  significantly  from  previous 


Screening  studies.  In  some  cases,  the  contours  were  highly  mod¬ 


ified  but  did  not  account  for  appreciable  net  area  changes. 
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This  is  especially  true  for  the  trench  basing  mode  (50  feet; 
15  m)  in  Hamlin,  Garden-Coal  and  Big  Smoky  sites. 

The  impact  on  area  reductions  was  generally  greatest  for  the 
vertical  shelter  basing  mode  (150  feet;  46  m)  because  ground- 
water  data  were  generally  not  adequate  to  define  the  deeper  con¬ 
ditions.  Significant  reductions  in  suitable  area  were  recorded 
in  White  River  North,  Reveille-Railroad,  and  Big  Smoky  CDPs.  In 
some  cases,  suitable  area  was  gained  through  Verification 
studies.  Net  gains  were  recorded  in  southern  Whirlwind  (both 
trench  and  vertical  shelter) ,  in  the  northern  portion  of  Garden 
Valley  (vertical  shelter),  and  central  Railroad  Valley  (trench). 

As  previously  stated  in  Section  1.4,  there  are  very  few  reliable 
data  points  regarding  ground-water  depths.  Many  of  the  suitable 
area  boundaries  are  based  on  published  data,  some  of  which  are 
at  least  30  years  old.  Sources  of  data  and  pertinent  informa¬ 
tion  regarding  the  data  used  to  compile  the  depth  to  water  maps 
in  each  CDP  are  located  in  Section  2.0  of  each  Geotechnical  Data 
volume . 

The  limited  number  of  borings  and  geophysical  surveys  conducted 
during  the  Verification  program  could  not  always  verify  the 
regional  ground-water  interpretation.  It  is  already  planned  to 
perform  additional  field  studies  in  those  CDPs  where  actual 
ground-water  conditions  are  not  known  with  sufficient  accuracy 
to  define  reliable  suitable  area  boundaries.  The  areas  to  be 
investigated  are  discussed  in  Section  3.0. 
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2.1.2  Depth  to  Rock 

In  determining  suitable  area  based  on  depth  to  rock,  two  differ¬ 


ent  approaches  have  been  used.  In  the  Verification  sites, 
limited  subsurface  information  has  been  obtained  and  50-  and 


150-foot  (15-  and  46-m)  depth  to  rock  contours  have  been  inter¬ 
preted.  In  determining  the  location  of  rock  contours,  the 
decision  was  made  to  place  contours  at  projected  depths  to  rock 
comparable  to  those  exposed  in  the  adjacent  mountains.  A  seis¬ 
mic  velocity  greater  than  7000  fps  (2134  mps)  was  not  always 
used  to  define  bedrock  although  it  was  stated  as  a  criterion  in 
previous  studies.  It  was  discovered  that  some  soil-like  materi¬ 
als  have  seismic  velocities  between  7000  and  9000  fps  (2134  and 
2745  mps) .  Seismic  velocities  were  generally  used  as  indicators 
of  rock  when  velocities  were  greater  than  9000  fps. 


In  Reconnaissance  sites,  suitability  is  based  on  soil-rock  con¬ 
tacts  since  there  is  no  subsurface  data.  Studies  in  the  Verifi¬ 
cation  sites  have  indicated  that  loss  of  suitable  area  resulting 
from  using  the  50-  or  150-foot  depth  to  rock  contour  instead  of 
the  exposed  rock  contact  is  variable  ranging  up  to  20  percent  of 
the  total  area  studied.  Reduction  factors  were  applied  to  the 
Reconnaissance  sites  on  the  basis  of  geologic  similarities  to 
the  Verification  sites. 


In  most  cases,  contours  closely  parallel  the  rock/alluvium  con¬ 
tacts.  Along  mountain  fronts  controlled  by  high-angle  range 
bounding  structures  (Basin  and  Range  faults) ,  slopes  were  inter¬ 
preted  as  being  steeper  than  normal  and  hence  contours  were 
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tightly  spaced.  In  areas  of  low  relief  volcanic  rock  and  areas 
typified  by  erosional  morphology  (pediments,  embayed  reentrants 
and  rock  outliers),  contours  were  more  widely  spaced  to  provide 
a  more  conservative  estimate  of  suitable  area. 

Some  changes  in  suitable  area  based  on  depth  to  rock  can  be 
expected  as  more  field  data  are  collected  during  future  Verifi¬ 
cation  studies.  Changes  may  also  occur  when  the  results  of 
gravity  profiles  have  been  evaluated.  These  data  are  being 
acquired  by  the  Defense  Mapping  Agency  (DMA) ,  but  were  not 
available  at  the  time  this  report  was  prepared.  This  data  will 
be  included  in  a  supplemental  report. 

2.1.3  Terrain 

Due  to  the  variability  in  existing  topographic  coverage,  terrain 
evaluations  (primarily  drainage  depth  measurements)  did  not 
provide  satisfactory  resolution.  Decisions  regarding  terrain 
suitability  have  been  based  primarily  on  aerial  photo  interpre¬ 
tations  and  field  observations.  Fortunately,  areas  excluded 
because  of  unsuitable  terrain,  for  the  most  part,  are  of  small 
size  and  generally  localized  in  perimeter  areas  adjacent  to 
mountain  fronts  or  along  major  drainages. 

It  is  likely  that  additional  areas  may  be  judged  to  be  unsuit¬ 
able  when  more  accurate  topographic  maps  are  made.  However,  it 
is  expected  that  such  reductions  will  affect  only  a  small  per¬ 
centage  of  the  total  area. 
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2.2  BASIN-FILL  CHARACTERISTICS 
2.2.1  Soil  Characteristics 

In  this  section,  general  descriptions  and  characteristics  of  the 
soils  in  the  Verification  sites  are  discussed.  The  discussion 
presents  soil  types  and  their  areal  extent,  location  in  the 
sites,  and  physical  and  engineering  properties.  The  discussion 
includes  strength  characteristics  of  surficial  soils  to  provide 
information  for  preliminary  road  design. 

2. 2. 1.1  Surficial  Soils 

Surface  soils  are  predominantly  coarse  grained  (granular)  con¬ 
sisting  of  sands  and  gravels.  Fine-grained  soils  (silts  and 
clays)  exist  over  limited  portions  of  most  sites.  Soils  from 
different  geologic  units  were  combined  into  three  categories 
based  on  their  physical  and  engineering  properties. 

1.  Silty  sands  and  clayey  sands; 

2.  Gravels  and  gravelly  sands;  and 

3.  Silts  and  clays. 

Characteristics  of  these  surficial  soils  are  summarized  in  the 
following  paragraphs. 

Silty  sands  and  clayey  sands  (silty  sands  are  the  major  compo¬ 
nent)  are  the  predominant  surficial  soils  occurring  primarily 
in  alluvial  fans  which  extend  from  the  basin  margin  to  the  basin 
center  or  playa  edge.  Silty  and  clayey  sands  in  these  deposits 
are  graded  coarse  to  fine,  with  increasing  gravel  content  toward 
the  basin  margin.  Fines  content  is  highest  near  the  playa 
decreasing  toward  the  basin  margin.  Soil  plasticity  ranges 
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generally  from  none  to  slight.  Cementation  of  these  soils 
varies  from  none  to  weak. 

Gravels  and  gravelly  sands  are  the  second  most  predominant  sur- 
ficial  soils.  They  consist  of  sandy,  silty,  and  clayey  gravels 
and  sands  with  appreciable  gravel  content.  Gravels  are  gener¬ 
ally  restricted  to  alluvial  fans  immediately  adjacent  to  steep 
mountain  fronts.  Clean  gravels,  however,  are  also  common  in 
central  basin  areas  of  Utah  valleys  where  isolated  mounds  and 
ridges  of  older  lacustrine  shoreline  deposits  occur.  Gravelly 
sands  occur  principally  in  alluvial  fans  near  basin  margins  but 
may  also  occur  in  the  central  portions  of  the  valley.  The  sands 
generally  extend  to  the  mountain  front  with  increasing  gravel 
content  toward  the  mountain  front,  locally  grading  into  gravels. 
These  soils  are  generally  poorly  graded  and  contain  particle 
sizes  ranging  from  coarse  to  fine.  Cementation  of  these  soils 
varies  from  none  to  weak. 

Silts  and  clays  are  the  least  extensive  surficial  soils.  They 
consist  of  sandy  silts  and  clays  and  silty  clays  with  appreci¬ 
able  amounts  of  fine  sand.  They  occur  generally  in  the  central 
basin  in  older  lacustrine  deposits,  playas,  and  axial  drainages. 
Their  plasticity  generally  ranges  from  none  to  medium  and  they 
are  uncemented. 

a.  Low  Strength  Surficial  Soil:  Analysis  of  the  results  of 
cone  penetrometer  tests  (CPTs)  in  conjunction  with  the  results 
of  other  engineering  activities  revealed  that  "low  strength" 
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surficial  soil,  which  will  perform  poorly  as  a  road  subgrade  at 
its  present  consistency,  exists  in  ail  the  sites.  Criteria  were 
developed  to  define  low  strength  soil  using  CPT  results  (see 
Section  A5.7  in  Appendix  for  details).  Using  these  criteria, 
the  extent  of  low  strength  surficial  soil  in  each  site  was  esti¬ 
mated.  The  coarse-grained  soils  exhibit  low  strengths  to  depths 
ranging  from  0.2  to  14.1  feet  (0.1  to  4.3  m)  with  an  average  of 
2.3  feet  (0.7  m)  below  ground  surface.  The  fine-grained  soils 
exhibit  low  strengths  to  depths  ranging  from  0.3  to  11.0  feet 
(0.1  to  3.4  m)  with  an  average  of  2.8  feet  (0.9  m) . 

b.  Subgrade  Strength:  Results  of  laboratory  California  Bearing 
Ratio  (CBR)  tests  on  surficial  samples  from  all  the  sites  indi¬ 
cate  that  compacted  coarse-grained  soils  will  generally  exhibit 
moderate  (CBR  =  15  to  30)  to  high  (CBR  >30)  CBR  values  depending 
on  amounts  of  gravels  and  fines  in  the  soil,  whereas  predomi¬ 
nantly  fine-grained  soils  exhibit  low  ( < 1 5 )  CBR  values.  Corre¬ 
lation  between  laboratory  CBR  and  percent  fines  (Section  A5.7  in 
Appendix  for  details)  indicates  that  CBR  values  for  coarse¬ 
grained  soils  increase  with  an  increase  in  percent  fines  up  to  a 
certain  stage  and  then  starts  decreasing  gradually.  Using  this 
correlation,  laboratory  CBR  values  of  a  soil  can  be  estimated. 

Field  CBR  values  of  in  situ  surficial  soils  determined  in  two 
sites  were  analyzed  in  conjunction  with  the  CPT  results.  A  pre¬ 
liminary  correlation  between  field  CBR  and  cone  resistance  was 
developed  (see  Section  A5.7  in  Appendix  for  detail..,.  Using 
this  correlation,  field  CBR  values  of  in  situ  soils  can  be 
estimated  from  the  CPT  results. 
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2. 2. 1.2  Subsurface  Soils 

Soils  in  the  subsurface  are  predominantly  coarse-grained  allu¬ 
vial  fan  deposits  consisting  of  gravelly,  silty,  and/or  clayey 
sands  and  sandy,  silty  and/or  clayey  gravels.  Fine-grained 
soils  (silts  and  clays)  probably  occur  in  about  10  to  15  percent 
of  the  subsurface  and  are  generally  restricted  to  buried  playa 
and  lacustrine  deposits  along  the  valley  axis.  Variation  in 
areal  extent  of  playas  in  the  geologic  past  has  resulted  in 
local  inter  finger ing  of  coarse-  and  fine-grained  deposits  in  the 
subsurface  near  playa  margins. 

The  coarse-grained  soils  are  generally  dense  to  very  dense  below 
depths  of  approximately  10  feet  (3  m)  ,  are  poorly  graded  with 
coarse  to  fine  sand  and/or  gravel,  exhibit  low  compressibili¬ 
ties,  and  possess  moderate  to  high  shear  strengths.  The  fine¬ 
grained  soils  exhibit  low  to  high  plasticity  and  generally  con¬ 
tain  appreciable  amounts  of  fine  sand.  Variable  calcium  carbon¬ 
ate  cementation  exists  in  the  subsurface  soils. 

The  soils  in  the  construction  zone  (120  feet;  37  m)  have  a 
wide  range  of  seismic  velocities  (1060  to  >7000  fps;  323  to 
>2135  mps)  depending  on  their  composition,  consistency,  cemen¬ 
tation,  and  moisture  content.  Soils  in  the  upper  50  feet  (15  m) 
have  electrical  conductivities  ranging  from  0.003  to  0.100  mhos 
per  meter  (Fine  Screening  criteria;  electrical  conductivity  of 
soil  should  be  greater  than  0.004  mhos  per  meter).  Chemical 
test  results  indicate  that  potential  for  sulfate  attack  of  soils 
on  concrete  will  range  from  "negligible"  to  "severe." 
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2.2.2  Construct  ion  Considerations 

In  this  section  geotechnical  factors  and  conditions  which  would 
affect  the  construction  of  the  MX  system,  both  hybrid  trench  and 
vertical  shelter  concepts,  are  discussed. 

2 . 2 . 2 . 1  Roads 

The  surficial  soils  in  the  Verification  sites  are  predominantly 
coarse  grained.  In  a  dense  state,  these  soils  provide  good  sub¬ 
grade  support  for  roads.  However,  most  of  these  soils  consist 
of  alluvial  deposits  which  are  not  well  compacted  near  the  sur¬ 
face.  The  thickness  of  these  low  strength  surficial  soils 
ranges  from  a  few  inches  to  several  feet,  the  average  being 
about  2.3  feet  (0.7  m)  .  In  this  condition,  the  materials  will 
not  provide  adequate  support  for  heavy  wheel  loads.  These 
granular  soils  can  be  recompacted  to  a  higher  density  and  will 
then  provide  very  good  support. 

In  some  areas,  the  surficial  soil  may  consist  of  a  fine-grained 
deposit  which  is  only  a  few  feet  thick;  in  this  case,  the  weak 
material  could  be  removed  and  replaced  with  a  granular  material. 
In  a  few  areas,  such  as  playas,  there  may  be  a  relatively  thick 
layer  of  weak,  fine-grained  material  which  has  low  bearing 
strength,  even  if  compacted  to  a  high  density.  In  these  areas, 
either  a  thick  section  of  subbase  and  base  course  or  soil 
stabilization  techniques  will  be  necessary. 

The  studies  in  the  Verification  sites  do  indicate  that  there 
are  significant  quantities  of  sands  and  gravels  which  can  be 
used  for  road  subbase  and  base  course.  Those  deposits  with 
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less  than  15  to  25  percent  fines  could  be  used  for  subbase 
material  in  the  natural  state.  Processing  will  generally  be 
required  to  meet  standard  specifications  for  base  course. 

2.2.2 .2  Excavatabil ity  and  Stability 
Hyorid  trench:  Within  the  depth  of  excavation  for  the  hybrid 

trench,  compress ional  wave  velocities  indicate  easy  to  moder¬ 
ately  difficult  excavation.  An  MX  trencher  could  be  used  for 
excavating  continuous  trenches  suitable  for  cast-in-place  con¬ 
struction.  Because  of  low  strength  surficial  soil,  the  top  2  to 
5  feet  (0.6  to  1.5  m)  in  all  trench  excavations  will  generally 
have  to  be  sloped  back  for  stability.  Below  this  weak  surface 
layer,  vertical  walls  will  generally  be  stable  in  a  major  por¬ 
tion  of  the  site  areas.  In  the  remaining  area,  the  trench  walls 
will  have  to  be  supported  or  sloped  back  for  stability. 

Vertical  shelter:  The  range  of  compr essional  wave  velocities  in 
he  upper  120  feet  (37  m)  combined  with  information  from  the  bor¬ 
ings  indicates  that  conventional  excavation  equipment  or  large 
diameter  augers  could  be  used  for  excavation  of  the  vertical 
shelters.  Most  of  the  excavations  will  be  in  coarse-grained 
soils  with  only  intermittent  cemented  zones  or  cohesive  soils. 
Therefore,  walls  of  the  shelter  excavations  will  generally 
require  support  or  the  application  of  other  stabilizing  tech¬ 
niques. 
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3.0  RECOMMENDATIONS  FOR  FUTURE  STUDIES 


3 . 1  STUDIES  IN  CDPs  CONTAINING  VERIFICATION  SITES 

3.1.1  Data  Gap  Studies,  Verification  Sites 


Additional  studies  should  be  made  in  the  Verification  sites  to 


expand  on  the  presently  limited  data  base  developed  and  used  in 
our  current  analyses.  The  additional  studies  will  be  restricted 
to  those  portions  of  the  FY  79  Verification  sites  where  addi¬ 
tional  information  concerning  one  or  two  geotechnical  parameters 
is  needed  for  evaluation.  The  recommended  data  gap  studies  are 
summarized  in  Table  3-1. 


3.1.2  Additional  Studies,  Geological  Reconnaissance  Sites 
Most  Verification  sites  covered  about  two  thirds  of  the  total 
suitable  area  within  a  CDP.  In  the  remaining  area  of  the  CDPs, 
only  Geologic  Reconnaissance  studies  were  done.  We  recommend 
that  the  field  activities  listed  in  Table  1-1  be  performed  in 
these  reconnaissance  areas.  We  also  recommend  that  the  density 
of  activities  be  equal  to  or  greater  than  those  of  FY  79  Verifi¬ 
cation  Studies. 


3.2  STUDIES  IN  REMAINING  CDPs 

Twenty-two  CDPs  have  been  identified  within  the  FY  79  Nevada- 
Utah  study  area  (Drawing  2-1).  Verification  studies  were  per¬ 
formed  in  portions  of  seven  CDPs  and  two  sites  were  previously 
studied  during  the  Characterization  program.  There  are  13  CDPs 
where  field  work  has  been  limited  to  geologic  reconnaissance. 
Detailed  Verification  studies  should  be  performed  in  these  13 
remaining  CDPs. 
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(1  )  Recommended  geotechnical  techniques  are 
borings  and  seismic  refraction  surveys. 

(2)  Recommended  geotechnical  techniques  are 
primarily  ground-water  observation  wells. 
Seismic  refraction  surveys  and  electrical 
resistivity  soundings  will  be  performed 
in  selected  areas. 
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The  FY  Verification  Studies  have  resulted  in  the  loss  of 
approximately  1810  and  2595  mi^  (4690  and  6720  km^)  of  land  pre¬ 
viously  considered  suitable  (from  Screening  studies)  for  the 
hybrid  trench  and  vertical  shelter  basing  modes,  respectively. 
It  is  recommended  that  Verification  studies  be  performed  in 
areas  adjoining  the  presently  defined  Nevada-Utah  study  area; 
the  recommended  areas  are  shown  in  Figure  3-1.  The  studies 
should  be  similar  to  FY  79  Verification  Studies  outlined  in 
Section  1.3.  The  same  basic  techniques  would  be  used,  except 
that  the  distance  between  activity  locations  should  decrease 
resulting  in  greater  confidence  in  the  selection  of  suitable 
area  boundaries.  Increasing  the  density  of  activities  should 
minimize  the  need  for  future  data  gap  studies. 

3.3  MISCELLANEOUS  STUDIES 

3.3.1  Characterization  Sites 

Characterization  studies  were  basically  oriented  toward  the 
trench  concept.  Therefore,  limited  information  about  surficial 
soils  was  obtained  during  the  Characterization  studies  in  Dry 
Lake  and  Ralston  CDPs.  In  order  to  obtain  additional  informa¬ 
tion  about  surficial  soils  in  these  CDPs,  we  recommend  that  cone 
penetrometer  and  field  CBR  tests  be  made,  test  pits  excavated 
and  surficial  samples  obtained. 

3.3.2  Stability  of  Vertical  Shelter  Excavations 

In  order  to  better  evaluate  the  stability  of  vertical  shelter 
excavations  in  the  valley  soils,  we  recommend  that  large  diame¬ 
ter  bucket  auger  borings  (36  inches  [91  cm]  in  diameter)  be 
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drilled  in  a  few  CDPs.  These  borings  will  be  located  in  differ¬ 
ent  geologic  units  so  that  various  soil  types  and  soil  consis¬ 
tencies  are  encountered  during  drilling.  Stability  of  the  walls 
of  these  large-diameter  borings  will  be  studied  during  and  after 
drilling  to  provide  an  indication  of  the  stability  of  the 
vertical  shelter  excavation  walls. 


T 


ii 


ii 


FN-TR-27-1A 


35 


4.0  WHIRLWIND  CDP 

4.1  GEOGRAPHIC  SETTING 

Whirlwind  CDP  is  situated  in  western  Millard  and  western  Juab 
counties,  Utah  (Figure  4-1).  The  CDP  is  bounded  on  the  east 
and  west  by  the  Little  Drum  Mountains  and  the  House  Range, 
respectively,  and  extends  southward  along  the  west  side  of 
Sevier  Lake  to  about  the  southern  end  of  the  lake.  The  north¬ 
ern  boundary  is  about  3  miles  (5  km)  north  of  the  Juab/Millard 
County  line.  The  Verification  site  includes  all  of  the  CDP 
north  of  U.S.  Highway  6/50,  the  only  paved  highway  traversing 
the  CDP.  Access  into  the  site  is  good  due  to  an  extensive 
network  of  unpaved  roads  maintained  by  the  Bureau  of  Land 
Management  ( BLM)  .  The  entire  CDP  is  undeveloped  desert  range- 
land.  The  nearest  support  town  is  Delta,  Utah,  approximately 
30  miles  (48  km)  east  of  the  site  on  U.S.  Highway  6/50. 

4.2  SCOPE 

The  scope  of  geologic,  geophysical,  and  soils  engineering  field 
activities  performed  at  the  site  and  laboratory  tests  performed 
on  soil  samples  from  the  site  are  presented  in  Table  4-1.  Loca¬ 
tions  of  the  geophysical  and  engineering  activities  are  shown  in 
Drawing  4-1  (end  of  Section  4.0). 

4.3  GEOLOGIC  SETTING 

The  Little  Drum  Mountains  consist  of  early  Tertiary  andesite, 
trachyte,  and  latite  flows  overlain  to  the  north  by  late 
Tertiary  basalt  and  basaltic  andesite  (Hintze,  1963;  Stokes, 
1963).  The  House  Range  to  the  east  consists  of  faulted, 
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GEOLOGY  AND  GEOPHYSICS 


TYPE  OF  ACTIVITY 

NUMBER  OF 
ACTIVITIES 

Geologic  mapping  stations 

87 

Shallom  retraction 

20 

Electrical  resistivity 

20 

Gravity  prof i les 

5 

ENGINEERING-LABORATORY  TESTS 


TYPE  OF  TEST 


Moisture  density 
Speci tic  gravi ty 
Sieve  analysis 
Hydrometer 
Atterberg  limits 
Consolidation 
Unconfined  compression 
Triaxial  compression 
Direct  shear 
Compaction 
C6R 


Chemical  analysis 


NUMBER  OF 
TESTS 


ENGINEERING 


NUMBER  OF  BORINGS 


5 


NOMINAL  DEPTH 

FEET  (METERS) 


160  (49) 

30  (9) 


NUMBER  OF  TRENCHES 


NOMINAL  DEPTH 
FEET  (METERS) 


NUMBER  OF  TEST  PITS 


26 


NUMBER  OF  CPTs 


66 


TYPE  OF  ACTIVITY 


Surf icial  so i I  samples 
Field  CBR  tests 


NOMINAL  DEPTH 
FEET  (METERS) 


RANGE  OF  DEPTH 
FEET  (METERS) 


1-21  (0.3-6) 
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eastward-dipping  Cambrian  limestone  and  dolomite  with  inter- 
bedded  shale.  Ordovician  limestone  with  interbedded  conglomer¬ 
ate  crops  out  in  the  southern  House  Range  west  of  Sevier  Lake 
outside  the  Verification  site.  Tertiary  volcanic  rocks  similar 
to  those  in  the  southern  Little  Drum  Mountains  occur  along  the 
valley  axis  in  Red  Knolls  and  Long  Ridge.  Tertiary  conglomer¬ 
ates  overlie  these  volcanic  rocks  and  are  the  principal  units 
exposed  in  Long  Ridge.  These  conglomerates  may  also  compose 
much  of  the  deep  subsurface  section  in  the  valley. 

Hintze  (1963)  and  Stokes  (1963)  show  no  basin-margin  faults  in 
Whirlwind  Valley.  The  House  Range  to  the  west  is  considered  by 
Gehman  (1958)  to  be  the  gently  eastward  dipping  limb  of  a 
faulted  anticline.  The  steep  west  face  of  the  range  represents 
the  eroded  fault  scarp  along  which  uplift  has  taken  place.  Few 
faults  are  mapped  within  the  Little  Drum  Mountains  although 
relations  are  complex  due  to  the  variety  of  volcanic  rock  types 
present.  No  faults  displacing  surficial  basin-fill  deposits 
have  been  reported  and  none  were  observed  during  the  field 
studies. 

Surficial  basin-fill  deposits  are  predominantly  alluvial  fan 
and  lacustrine  deposits  (Drawing  4-2).  The  lacustrine  deposits 
are  associated  with  Pleistocene  Lake  Bonneville  and  occur 
principally  in  the  southern  and  central  parts  of  the  valley. 
Shoreline  deposits  consisting  of  rounded  gravels  are  particu¬ 
larly  well  developed  at  elevations  of  approximately  5150  to 
5200  feet  (1570  to  1585  m)  and  4800  feet  (1463  m)  above  mean 
sea  level,  but  occur  at  all  elevations  below  5200  feet. 
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Above  5200  feet,  alluvial  fan  deposits  of  intermediate  and  older 
age  are  the  major  surficial  units.  Older  alluvial  fan  deposits 
are  located  adjacent  to  mountain  fronts  and  do  not  extend  more 
than  2  miles  (3.2  km)  into  the  valley.  Intermediate  alluvial 
fan  deposits  are  found  locally  below  the  highest  Lake  Bonneville 
shorelines  but  not  below  the  lower  4800-foot  shoreline.  Younger 
alluvial  fan  deposits  occur  below  the  Lake  Bonneville  shorelines 
and  consist,  in  part,  of  reworked  lake  deposits.  All  alluvial 
deposits  consist  chiefly  of  sand  but  localized  fine-grained  and 
gravelly  soils  are  present,  particularly  along  the  west  side. 
Younger  alluvial  fans  are  generally  uncemented;  intermediate 
alluvial  fans  are  weakly  cemented;  and  older  alluvial  fans  are 
moderately  to  strongly  cemented. 

Fine-grained  playa  and  older  lake  deposits  occur  at  the  surface 
only  along  the  valley  axis.  These  deposits  are  generally  less 
than  3  feet  (1  m)  thick  except  in  southern  Whirlwind  near  Sevier 
Lake  where  fine-grained  lakebed  deposits  of  unknown  thickness 
occur.  Based  on  data  from  five  borings  and  inferences  regarding 
depositional  conditions  in  the  valley,  it  is  estimated  that  silt 
and  clay  deposits  constitute  less  than  10  percent  of  the  soils 
to  a  depth  of  160  feet  (49  m)  .  Interbedded  sand  and  gravel  of 
probable  alluvial  and  lacustrine  origin  are  the  dominant  depos¬ 
its  in  the  subsurface. 

4.4  SURFACE  SOILS 

Surficial  soils  of  the  Whirlwind  Site  are  predominantly  coarse 
grained  (granular) .  Soils  from  predominant  surficial  geologic 
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units  (Drawing  4-2)  have  been  grouped  into  the  following  three 
categories  based  on  their  physical  and  engineering  characteris¬ 
tics. 

1.  Silty  sands  and  clayey  sands  (from  geologic  units  A4os, 
A5ys,  A5is,  and  A5os) . 

2.  Gravels  and  gravelly  sands  (from  geologic  units  A4os,  A4og, 
A5ys,  and  A5is)  . 

3.  Silts  and  clays  (from  geologic  units  A4os,  A5ys,  and  A5os) . 
4.4.1  Characteristics 

Based  on  laboratory  and  field  test  results,  the  characteris¬ 
tics  of  surficial  soils  were  evaluated  and  are  presented  in 
Table  4-2.  In  addition  to  the  physical  characteristics,  road 
design  data  consisting  of  laboratory  compaction  and  California 
Bearing  Ratio  ( CBR)  test  results,  average  depth  and  range  of 
low  strength  surficial  soils,  and  suitability  of  the  soils  for 
road  use  are  included  in  the  table.  The  range  of  gradation  of 
these  soils  is  presented  in  Figure  4-2. 

Silty  sands  and  clayey  sands  have  an  approximate  areal  extent 
ranging  from  40  to  60  percent.  They  are  concentrated  in  the 
central  and  southern  portions  of  the  site,  are  predominantly 
poorly  graded,  and  contain  appreciable  amounts  of  fine  gravel. 
Soil  plasticity  ranges  from  none  to  medium. 

Gravels  and  gravelly  sands  have  an  approximate  areal  distribu¬ 
tion  of  35  to  55  percent.  They  consist  of  sandy  gravels,  silty 
gravels,  clayey  gravels,  and  gravelly  sands.  These  soils  occur 
in  isolated  topographic  mounds  and  ridges  along  the  valley  axis, 
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of  the  Appendix. 

(2)  Low  strength  surficial  soil  is  defined  as  soil  which  will  perform 
poorly  as  a  road  subgrade  at  its  present  consistency;  see  Table  4-3 
for  details. 
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particularly  in  the  south  and  along  the  mountain  fronts.  The 
volcanic  source  rocks  in  the  east  and  sedimentary  source  rocks 
in  the  west  cause  the  composition  of  gravel  to  vary  across  the 
valley.  Volcanic  gravels  are  more  friable  than  sedimentary 
gravels  and  are,  therefore,  less  durable.  The  gravelly  site 
soils  are  generally  poorly  graded  and  contain  a  significant 
amount  of  silty  and  clayey  fines. 

The  areal  extent  of  silts  and  clays  ranges  from  5  to  15  percent. 
These  soils  are  found  in  the  center  of  the  site  and  near  Lake 
Sevier  to  the  south.  Isolated  pockets  are  also  found  in  the 
alluvial  fans  along  the  western  valley  flank;  the  extent  of 
these  deposits  is  not  known.  These  soils  exhibit  low  to  high 
plasticity  and  contain  appreciable  amounts  of  fine  sand. 

4.4.2  Low  Strength  Surficial  Soil 

Based  on  the  Cone  Penetrometer  Test  (CPT)  results  and  soil  type, 
thickness  of  low  strength  surficial  soil  at  each  test  location 
was  estimated  and  is  presented  in  Table  4-3.  Range  and  mean 
values  for  the  three  surficial  soil  categories  are  included  in 
Table  4-2.  For  granular  soils,  the  range  is  0.2  to  5.8  feet 
(0.1  to  1.8  m)  with  an  average  of  1.8  feet  (0.5  m) .  The  vari¬ 
ation  in  the  extent  of  low  strength  granular  surficial  soils  is 
predominantly  due  to  variable  calcium  carbonate  cementation. 
For  fine-grained  soils,  the  range  is  0.4  to  11.0  feet  (0.1  to 
3.5  m)  with  an  average  of  1.8  feet  (0.5  m) .  In-situ  density  and 
the  amount  of  fine  sand  present  in  the  surficial  fine-grained 
soils  affect  the  extent  of  low  strength  soil. 
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THICKNESS  OF  LOW  STRENGTH 
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SOIL  TYPE  (3> 
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(1)  For  Cone  Penetrometer  Test  locations  see  Drawing  4-i. 

Activity  Location  Map. 

(2)  Thickness  corresponds  to  depth  below  ground  surface.  Low  strength 
surficial  soil  is  defined  as  soil  which  will  perform  poorly  as  a 
road  subgrade  a*  its  present  consistency.  Low  strength  is  based 
on  Cone  Penetrometer  Test  results  using  the  following  criteria: 

Coarse-grained  soils:  qc<120  tsf  (117  kg  cm?) 

Fine-grained  soils:  qc«80  tsf  (78  kg  cm?) 

where  qc  is  cone  resistance 

(3)  Soil  type  is  based  on  Unified  Soil  Classification  System;  see 
Section  A5  0  in  the  Appendix  for  explanation 
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4.5  SUBSURFACE  SOILS 


Figures  4-3  through  4-5  illustrate  the  composition  of  soils  with 
depth  as  determined  from  borings,  trenches,  and  test  pits.  The 
predominant  subsurface  soils  are  sandy  gravels  and  gravelly 
sands.  These  soils  are  interbedded  with  silty  sands  and  clayey 
sands  in  the  northeastern  portion  of  the  site  to  a  depth  of 
approximately  70  feet  (21  m) .  Subsurface  silt  and  clay  layers, 
when  present,  are  usually  less  than  5  feet  (1.5  m)  thick.  Small 
amounts  of  fine-grained  soils  found  in  the  subsurface  show  very 
little  cementation  and  are  firm  to  very  stiff.  The  soils  in  the 
subsurface,  below  5200  feet  (1585  m)  elevation,  are  mixed  allu¬ 
vial  fan  and  lacustrine  deposits.  Above  this  elevation,  the 
subsurface  soils  are  primarily  alluvial  fan  deposits. 

Results  of  seismic  refraction  and  electrical  resistivity  surveys 
are  presented  in  Table  4-4.  Characteristics  of  the  subsurface 
soils,  determined  from  field  and  laboratory  tests,  are  summa¬ 
rized  in  Table  4-5.  Range  of  gradation  of  these  soils  is  shown 
in  Figure  4-6. 

Coarse-grained  soils  are  generally  poorly  graded  and  are  very 
dense  below  20  feet  (6  m) .  Calcium  carbonate  cementation  varies 
from  none  to  moderate  in  the  upper  20  feet;  below  20  feet 
cementation  is  weak.  The  soils  have  very  low  compressibilities 
and  moderate  to  high  shear  strengths.  The  wide  range  of  seis¬ 
mic  velocities  encountered  in  these  coarse-grained  soils  is 
explained  by  their  wide  variability  in  density,  composition, 
and  cementation. 
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B  -  Boring 
T  -  Trench 
P  -  Test  Pit 

CS  -  Surficial  soil  sample  at  Cone 
Pent rometer  Test  location. 


SOIL  PROFILE  5-5’ 

VERIFICATION  SITE.  WHIRLWIND  COP.  UTAH 


MX  SUING  INVEST IG»'ION 

0EPXB1MENT  0»  THE  *18  FORCE  S*MSO  4-5 


FMtOlll.Ulj.jZU 


■ 


40 


ACTIVITY  NO.f»-|  $_1 


(m)  (It) 


2500 

-10  ow 

3150 

_  2  o  (  96  Oj 


R-l  S-2 

ohm-m  ( ps- 

_  (mps) 

„  J890 

00  (576) 


R-2  S-3 


6900 

(2103)1 


S-4  | R-4 

* *  **s  I  ohm-m 
(mps )  | _ 

J740  25 

(530 )  U— — ^ 


16  3300 

('  1  006 ) 


*  Approximate  depth  above  which  there  Is  no  indication  o(  material 
with  a  velocity  as  great  as  7000  Ips  (2134  mps)  See  Appendix 
for  an  explanation  ol  how  this  exclusion  depth  is  calculated 
when  the  observed  velocities  are  all  less  then  7000  fps  (2134  mps). 
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PHYSICAL  PROPERTIES 

DRY  DENSITY  pcf  (kg  m3) 
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MOISTURE  CONTENT  S 
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16  0 
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0  10 
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_  -j 
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... 
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c=  0  45  =30  *  r  - 

(22) 

NOTES: 

•  Characteristics  of  soils  between  2  and  20  feet  (0  6  and  6  0  meters)  are 
based  on  results  of  tests  on  samples  from  6  borings.  14  trenches,  and  26 
test  pits,  and  results  of  20  seismic  refraction  surveys. 

•Characteristics  of  soils  below  20  feet  (6  0  meters)  are  based  on  results 
of  tests  on  samples  from  6  borings  and  results  of  20  seismic  refraction 
surveys. 
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L  J  -  Number  of  tests  performed. 
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*  Test  results  do  not  represent  group  averape 
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Averaje  electrical  conductivity  of  the  soi  is  in  the  upper 
50  feet  (15  m)  ranges  trora  0.0078  to  0.1000  muon  per  meter  and 
averages  0.0344  mhos  per  meter.  All  electrical  conductivities 
measured  exceeded  the  minimum  value  of  0.004  mhos  per  meter 
specified  in  the  Fine  Screening  criteria.  Chemical  test 
results  indicate  that  potential  for  sulfate  attack  of  soils  on 
concrete  will  be  "mild." 

4.6  TERRAIN 

Terrain  conditions  are  depicted  in  Drawing  4-3.  In  general, 
terrain  categories  I  through  V  correspond  to  alluvial  fan  or 
mixed  alluvial  fan  and  lacustrine  deposits  with  varying  amounts 
of  stream  incision.  Where  incision  is  extreme,  as  in  northern 
Whirlwind,  terrain  conditions  are  unsuitable  and  have  been 
excluded  (category  VII).  Category  VI  generally  refers  to 
hummocky,  irregular  older  lacustrine  deposits,  particularly 
in  shoreline  features  of  Lake  Bonneville. 

Drainage  in  the  site  is  to  the  south  into  Sevier  Lake  except 
in  the  extreme  northern  part  where  drainage  is  north  into  Fish 
Springs  Valley.  Elevations  along  the  valley  axis  range  from 
4520  feet  (1378  m)  at  Sevier  Lake  to  5105  feet  (1556  m)  at  the 
drainage  divide  in  northern  Whirlwind.  Terrain  generally 
slopes  uniformly  with  variable  stream  incision  except  in 
southern  Whirlwind.  Here,  chaotic  topography  is  due  to  irregu¬ 
lar  shoreline  deposits  of  Lake  Bonneville,  shallow  rock,  and 
deep  incision  resulting  from  lowering  of  the  local  base  level 
(Sevier  Lake).  Slopes  are  highly  variable  in  this  area  and 
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Intermediate  and  older  alluvial  fans  near  mountain  fronts  (ter¬ 
rain  categories  III  through  V)  exhibit  incision  generally  from 
f>  to  15  feet  deep  (2  to  5  m)  with  variable  spacing.  Slopes 
generally  are  less  than  5  percent  and  average  2  to  3  percent  in 
these  areas. 

Incision  depths  are  generally  less  than  6  feet  along  the  site 
axis  north  of  Long  Ridge  (terrain  categories  I  and  II).  Drain¬ 
ages  are  relatively  closely  spaced,  i.e.,  four  to  eight  drain¬ 
ages  per  mile  versus  two  to  four  drainages  per  mile  near 
mountain  fronts.  Slopes  are  in  the  range  of  1  to  2  percent. 

4.7  DEPTH  TO  ROCK 

Generalized  contours  depicting  depth  to  rock  are  shown  in  Draw¬ 
ing  4-4.  All  data  used  are  shown  in  the  map,  clearly  illustrat¬ 
ing  that  little  data  were  available.  Where  no  subsurface  data 
were  available,  contours  were  drawn  by  extrapolation  from 
geologically  similar  areas  with  data.  Approximately  15  percent 
of  the  site  is  underlain  by  rock  less  than  50  feet  (15  m)  deep 
and  about  5  percent  by  rock  less  than  150  feet  (46  m) . 

The  House  Range  to  the  west  consists  of  gently  eastward  dipping 
beds.  Basinward  projections  of  the  dip  slopes  were  used  to 
derive  the  depth  to  rock  contours.  These  projections  a  „  e 
calibrated  with  data  from  five  seismic  lines  which  encountered 
rock  at  less  than  150  feet.  Similarly,  in  Long  Ridge  and  Red 
Knolls,  dips  are  gentle  to  the  west.  Rock  was  encountered  at 
depths  of  only  15  feet  (5  m)  1  mile  (1.6  km)  west  of  Long  Ridge. 
This  is  reflected  in  the  shallower  rock  projected  on  the  west 
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side  (dip  slope)  than  on  the  east  side  where  possible  faulting 
along  the  scarp  slope  has  resulted  in  a  steep  front.  Depth  to 
rock  along  the  heterogeneous  volcanic  rock  of  the  Little  Drum 
Mountains  is  more  difficult  to  interpret,  particularly  since  no 
rock  at  less  than  150  feet  was  encountered  in  borings  or  geo¬ 
physical  surveys.  Dip  is  generally  moderate  to  the  west  in 
the  southern  Little  Drum  Mountains.  Units  are  more  variable, 
unstratified,  and  of  lower  relief  to  the  north.  Contours  gener¬ 
ally  reflect  dip-slope  projections  in  the  south  and  topographic- 
slope  projections  in  the  north. 

4.8  DEPTH  TO  WATER 

Drawing  4-5  shows  the  approximate  configuration  of  the  50-foot 
( 1 5-m)  and  150-foot  (46-m)  depth  to  water  contours  in  the 
Whirlwind  Site.  Conditions  depicted  represent  water  levels  in 
the  unconfined  basin-fill  aquifer.  These  interpretations  are 
based  on  seven  water  well  points  (Bolke,  1978;  Mower  and 
Feltis,  1964;  Utah  State  Engineers.  Office,  1979)  and  14  esti¬ 
mates  of  depth  to  water  (Snyder,  1963).  Data  are  generally  very 
poor  and  estimated  depths  to  water  commonly  are  given  within  a 
range  of  100  feet  (31  m)  .  Dates  of  water-level  readings  are 
not  given  at  many  wells  and  those  with  dates  recorded  are  more 
than  40  years  old.  Consequently,  interpretations  are  tentative. 

Water  is  generally  at  depths  exceeding  150  feet  throughout  the 
site.  At  the  northern  edge  of  the  site,  it  ranges  from  700  to 
800  feet  (214  to  244  m)  deep,  decreasing  to  about  250  feet 
(76  m)  near  the  central  area.  Shallow  water  occurs  only  in  the 
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southeast  near  Sevier  Lake.  As  the  data  were  interpreted,  less 
than  1  percent  of  the  site  is  underlain  by  water  less  than 
50  feet  deep  and  less  than  5  percent  is  underlain  by  water  less 
than  150  feet  deep.  Ground  water  within  the  site  is  not  pres¬ 
ently  being  utilized. 

4 . 9  RESULTS  AND  CONCLUSIONS 

4.9.1  Suitable  Area 

Resulting  suitable  area,  as  defined  by  FY  79  Verification 
Studies  in  the  Whirlwind  Site,  is  shown  in  Drawing  4-6.  The 
site  contains  approximately  265  mi2  (635  km2)  of  usable  area  for 
a  hybrid  trench  and  225  mi2  (585  km2)  for  a  vertical  shelter 
concept.  These  results  are  significantly  different  from  those 
reported  in  previous  Intermediate/Fine  Screening  studies  due  to: 

1.  Additional  terrain  exclusions  in  northern  Whirlwind; 

2.  Additional  shallow  rock  exclusions  in  the  central,  northern, 
and  peripheral  parts  of  the  site;  and 

3.  Reduction  in  shallow  water  exclusions  in  southern  Whirlwind. 

4. 9. 2  Construction  Considerations 

Geotechnical  factors  and  conditions  which  would  affect  the  con¬ 
struction  of  the  MX  system  in  the  suitable  area  are  discussed. 
Both  the  hybrid  trench  and  vertical  shelter  basing  modes  are 
considered . 

4. 9. 2.1  Grading 

Surficial  slopes  in  the  Whirlwind  Site  are  generally  less  than 
5  percent  with  a  maximum  of  10  percent  near  the  mountain  fronts. 
Slopes  average  2  percent  and  exceed  5  percent  in  less  than 
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10  percent  of  the  suitable  area.  Therefore,  minimal  precon¬ 
struction  grading  will  be  necessary. 

4 . 9 . 2 . 2  Roads 

Subgrade  supporting  properties  of  low  strength,  surficial,  gran¬ 
ular  soils  can  generally  be  improved  by  mechanical  compaction. 
Our  studies  indicate  that  compaction  of  surficial  soils  to  an 
average  depth  of  1.8  feet  {0.5  m)  appears  necessary.  Laboratory 
California  Bearing  Ratio  (CBR)  test  results  indicate  that  the 
compacted  coarse-grained  soils  will  have  good  to  very  good 
subgrade  supporting  properties.  CBR  tests  indicate  that, 
generally,  their  compacted  subgrade  supporting  properties  of 
fine-grained  surficial  soils  will  be  inadequate. -  Therefore,  a 
select  granular  subbase  course  should  be  used  over  these 
compacted  fine-grained  soils  to  provide  the  necessary  strength. 
As  an  alternative,  these  soils  could  be  removed  partially  or 
totally  (depending  on  their  thickness)  and  replaced  by  a 
sufficient  thickness  of  coarse-grained  soil  to  obtain  required 
subgrade  support. 

Well-graded  gravelly  sands  and  sandy  gravels  with  less  than 
25  percent  fines  (passing  a  No.  200  sieve)  can  be  used  for 
subbase  and  base  courses.  Although  these  s.:’’s  are  present  in 
surface  and  subsurface  areas,  their  extent  :.s  .  known. 

Drainage  incision  depths  range  from  0  to  20  feet  (6.0  m)  with 
localized  incisions  of  up  to  50  feet.  Average  incision  depth 
is  less  than  6  feet  (1.8  m)  indicating  that  the  overall  cost  of 
drainage  structures  will  be  low. 
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4. 9. 2. 3  Excavatabi 1 i ty  and  Stability 
Subsurface  soils  in  the  suitable  area  are  predominantly  coarse 
grained  with  fine-grained  soils  estimated  in  less  than  10  per¬ 
cent  of  the  construction  zone.  The  subsurface  soils  are  gener¬ 
ally  dense  to  very  dense. 

Hybrid  Trench:  The  comp ress i ona 1  wave  velocities  indicate 

moderately  difficult  excavation  in  the  upper  20  feet  (6.0  m) 
over  a  major  portion  of  the  suitable  area.  MX  trenchers  could 
be  used  for  excavating  continuous  trenches  suitable  for  cast-in¬ 
place  construction.  Because  of  low  strength  surficial  soil,  the 
top  2  to  5  feet  (0.6  to  1.5  m)  in  all  trench  excavations  will, 
generally,  have  to  be  sloped  back  for  stability.  It  is  esti¬ 
mated  that  vertical  trench  walls  below  these  depths  will  be 
stable  in  approximately  70  percent  of  the  suitable  area.  In  the 
remaining  area,  trench  walls  will  have  to  be  sloped  or  shored. 

Vertical  Shelter:  Results  of  our  investigation  indicate  that 

large  diameter  augers  could  be  used  for  vertical  shelter  excava¬ 
tions  with  difficult  excavation  expected  in  approximately  5  per¬ 
cent  of  the  suitable  area.  Since  all  the  excavations  will  be  in 
granular  soils,  vertical  walls  of  the  excavations  to  depths  of 
120  feet  will  probably  not  remain  stable  without  the  use  of  a 
slurry  or  other  stabilizing  techniques. 

4.10  RECOMMENDATIONS  FOR  FUTURE  STUDIES 

Geotechnical  conditions  identified  as  requiring  additional 
investigation  are  listed  on  the  following  page. 
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1.  The  extent  of  shallow  rock  is  highly  suspect  in  the  vicinity 
of  Red  Knolls  and  Long  Ridge.  Additional  borings  and  seis¬ 
mic  lines  are  recommended  to  further  define  shallow  rock 
cond i tions. 

2.  The  location  of  ground-water  contours  are  based  on  very 
limited  data,  particularly  in  the  southern  part  of  the 
site.  Observation  wells  and  geophysical  surveys  are  recom¬ 
mended  in  selected  portions  of  the  site  to  provide  more 
accurate  ground-water  elevations. 

3.  Suitable  area  and  basin-fill  characteristics  have  been 
described  on  a  reconnaissance  level  (surface  conditions 
only,  no  subsurface  investigation  or  laboratory  testing) 
in  the  Whirlwind  CDP,  south  of  the  present  site  boundaries 
and  west  of  Sevier  Lake.  A  full  Verificaton  program  is 
recommended  to  define  subsurface  conditions  and  surface 
details  in  this  area. 
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5.0  SNAKE  EAST  CDP 

5 . 1  GEOGRAPHIC  SETTING 

The  Snake  East  CDP  is  located  in  western  Millard  and  south¬ 
western  Juab  counties,  Utah,  and  in  eastern  White  Pine  County, 
Nevada  (Figure  5-1)  .  It  is  bounded  on  the  east  by  the  Conger 
and  Confusion  ranges,  on  the  west  by  the  axis  of  Snake  Valley, 
and  extends  north  and  south  from  the  Granite  Mountains  to  the 
Burbank  Hills  and  Desert  Range  Experimental  Station,  respec¬ 
tively.  The  Verification  site  is  located  primarily  in  Ferguson 
Desert  and  southeastern  Snake  Valley  between  north  latitudes 
38°51'  and  39°13'  (Figure  5-1).  The  CDP  is  located  approxi¬ 
mately  80  miles  (130  km)  from  both  Ely,  Nevada,  and  Delta,  Utah, 
on  U.S.  Highway  6/50.  An  extensive  network  of  graded  unpaved 
roads  provides  access  throughout  the  CDP.  Land  is  generally 
used  for  rangeland  and  minor  agricultural  activities. 

5.2  SCOPE 

The  scope  of  geologic,  geophysical,  and  soils  engineering  field 
activities  performed  at  the  site  and  laboratory  tests  performed 
on  soil  samples  from  the  site  are  presented  in  Table  5-1. 
Locations  of  the  geophysical  and  engineering  activities  are 
shown  in  Drawing  5-1  (end  of  Section  5.0). 

5.3  GEOLOGIC  SETTING 

Paleozoic  limestones  and  dolomites  with  interbedded  shale  and 
sandstone  are  the  dominant  rock  types  in  the  Conger  and  Confu¬ 
sion  ranges  and  Burbank  Hills.  Localized  Tertiary  basalt  and 
conglomerate  are  located  along  the  north  side  of  the  Burbank 
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ENGINEERING-LABORATORY  TESTS 
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Unconfined  compression 
T r  i a x i a  I  compression 
Direct  shear 


Compaction 


CBR 


Chemical  analysis 
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NOMINAL  DEPTH 
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14  (4) 
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5  (2) 
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Field  CBR  tests 
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eas 

t  side  and  the  Conger 

Rai 

nge  and 

Burbank  Hills  to  the  west. 

The  mountains  surrounding  the  site  exhibit  a  strong  north- 
northeast  structural  grain,  primarily  a  product  of  Laramide 
deformation.  Thrust  faulting  and  west-dipping  homoclinal  beds 
are  prevalent  in  the  carbonate  rocks  of  the  Confusion  Range. 
Basin  and  Range  block  faulting  is  obscure,  but  Hintze  (1963) 
indicates  several  inferred  basin-margin  faults  along  the  east 
side  of  the  site  concealed  by  alluvium.  No  active  faults  were 
observed  in  the  Snake  East  CDP,  and  deeply  embayed  canyon 
reentrants  with  numerous  outcrops  suggest  tectonic  stability. 

Basin-fill  sediments  at  the  site  are  primarily  alluvial  fan  and 
lacustrine  deposits.  (4uch  of  the  present  morphology  of  alluvial 
surfaces  and  grain-size  relationships  of  surface  and  subsurface 
soils  below  elevation  5200  feet  (1585  m)  m.s.l.  has  been  modi¬ 
fied  by  the  presence  of  Lake  Bonneville  during  late-Pleistocene 
time.  An  exploratory  oil  well  located  west  of  the  site  (T.20S, 
R.19W,  sec.  19cd)  indicates  the  basin-fill  sediments  attain  a 
thickness  of  up  to  4200  feet  (1280  m)  (Hood  and  Rush,  1965)  . 
Surficial  basin-fill  deposits  (Drawing  5-2)  generally  consist 
of  the  following  units  (from  oldest  to  youngest): 

o  Intermediate  alluvial  fan  deposits  -  These  fans  form  the 
most  extensive  deposits  in  the  basin-fill  sequence, 
covering  about  one-half  of  the  site.  Deposits  are  weakly 
cemented  sands  ranging  from  gravelly  sand  near  the  moun¬ 
tain  fronts  to  silty  sand  toward  the  basin  center. 
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o  Older  lacustrine  deposits  -  These  deposits  consist  of  iso¬ 
lated  sandy  and  gravelly  shoreline  deposits  and  sandy  and 
fine-grained  lakebed  deposits  of  Lake  Bonneville.  They 
constitute  about  one-quarter  of  the  site  and  occur  along 
the  valley  axis  and  western  edge  of  the  site  below  eleva¬ 
tion  5200  feet  (1585  m) . 

o  Eolian  deposits,  young  alluvial  fan  deposits,  and  playa 
deposits  -  These  units  represent  active  deposits  overlying 
preexisting  intermediate  alluvial  fan  deposits  and  older 
lacustrine  deposits.  Generally,  eolian  deposits  are  com¬ 
posed  of  sand,  younger  alluvial  fan  deposits  of  sands  and 
gravels,  and  playa  deposits  of  silts  and  clays  although 
characteristics  of  these  surficial  units  tend  to  merge  with 
each  other  and  sometimes  with  older  units.  Collectively, 
they  constitute  one-fourth  of  the  total  surficial  basin 
fill  in  the  site.  Younger  alluvial  fan  and  playa  deposits 
occur  topographically  below  the  highest  Lake  Bonneville 
shoreline.  Eolian  deposits  overlie  intermediate  alluvial 
fan  deposits  in  eastern  Snake  Valley. 


5.4  SURFACE  SOILS 

The  surficial  soils  of  the  Snake  East  site  are  predominantly 
coarse  grained  (granular)  with  appreciable  amounts  of  fines. 
Soils  from  predominant  surficial  geologic  units  (Drawing  5-2) 
can  be  combined  into  the  following  three  categories  based  on 
their  physical  and  engineering  characteristics: 

1.  Silty  sands  and  clayey  sands  (from  geologic  units  A4os, 
A5ys ,  and  A5is) ; 

2.  Gravelly  sands  and  sandy  gravels  (from  geologic  units  A5ys, 
and  A5is) ;  and 

3.  Sandy  silts  and  sandy  clays  (from  geologic  units  A4of). 
5.4.1  Characteristics 

The  characteristics  of  the  surficial  soils  are  summarized  in 
Table  5-2.  In  addition  to  the  physical  properties,  road  design 
data,  which  consist  of  laboratory  compaction  and  CBR  test 
results,  evaluation  of  the  soils  for  road  use,  and  extent  of 
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low  strength  surficial  soils,  are  included  in  the  table.  Gra¬ 
dation  ranges  of  the  surficial  soils  are  shown  in  Figure  5-2. 

Silty  sands  and  clayey  sands  are  the  predominant  surficial  soils 
covering  between  60  and  80  percent  of  the  site.  These  fine  to 
coarse  sands  consist  primarily  of  intermediate  and  young  allu¬ 
vial  fan  deposits.  Gravel  content  of  these  soils  is  higher  near 
the  mountain  fronts,  decreasing  gradually  with  increasing 
distance  from  the  mountain  fronts.  Fines  content  in  these  soils 
is  highest  near  the  valley  center.  They  range  from  nonplastic 
to  slightly  plastic. 

Gravelly  sands  and  sandy  gravels  are  found  in  approximately 
15  to  25  percent  of  the  site.  These  soils  are  present  mainly  in 
the  alluvial  fans  near  the  mountains  and  in  the  Pleistocene  Lake 
Bonneville  bar  and  shoreline  deposits.  Gravels  are  composed 
predominantly  of  durable  carbonate  sedimentary  rocks.  These 
soils  are  generally  poorly  graded  and  contain  nonplastic  fines. 

Sandy  silts  and  sandy  clays  cover  approximately  5  to  10  percent 
the  site  near  the  valley  center.  Most  of  these  soils  are  lake- 
bed  deposits  extending  along  a  narrow  band  from  the  northwest  to 
southeast  corner  of  the  site  (Drawing  5-2)  .  These  soils  have 
appreciable  amounts  of  fine  sand  and  their  plasticity  ranges 
from  none  to  high. 

5.4.2  Low  Strength  Surficial  Soil 

Based  on  cone  penetrometer  test  results  and  soil  classification, 
thickness  of  low  strength  surficial  soil  at  each  CPT  location 
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was  estimated  and  is  presented  in  Table  5-3.  Range  and  average 
values  for  the  three  soil  categories  are  presented  in  Table  5-2. 
Depending  on  the  extent  of  calcium  carbonate  cementation,  the 
granular  soils  at  the  site  exhibit  low  strength  to  depths  rang¬ 
ing  from  0.7  to  5.5  feet  (0.2  to  1.7  m)  with  an  average  depth  of 
1.7  feet  (0.5  m)  .  Fine-grained  soils  exhibit  low  strength  to 
depths  ranging  from  0.3  to  5.0  feet  (0.1  to  1.5  m)  and  averaging 
2.3  feet  (0.7  m)  below  ground  surface. 

5.5  SUBSURFACE  SOILS 

Subsurface  soils  are  predominantly  coarse  grained  (granular), 
consisting  of  sandy  gravels,  gravelly  sands,  silty  sands,  and 
clayey  sands.  Fine-grained  soils  consisting  of  silts  and  clays 
occur  as  interbeds  in  the  lakebed  deposits  along  the  central 
portion  of  the  site.  The  composition  of  subsurface  soils  with 
depth,  as  determined  from  borings,  test  pits,  and  trenches,  is 
illustrated  by  soil  profiles  shown  in  Figures  5-3  through  5-5. 

Results  of  seismic  refraction  and  electrical  resistivity  surveys 
are  summarized  in  Table  5-4.  Characteristics  of  the  subsurface 
soils,  as  determined  from  field  and  laboratory  tests,  are  pre¬ 
sented  in  Table  5-5.  Ranges  of  gradation  of  the  soils  are  shown 
in  Figure  5-6. 

The  coarse-grained  subsurface  soils  are  generally  poorly  graded 
with  coarse  to  fine  sands  and  gravels.  These  soils  are  chiefly 
alluvial  fan  deposits  but  may  contain  interbedded  lacustrine 
deposits  at  elevations  below  5200  feet.  They  are  dense  to  very 
dense  belov.  depths  of  approximately  10  feet  (3  m)  .  Variable 
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calcium  carbonate  cementation  occurs  in  granular  subsoils  but 
well-developed,  continuous  cementation  was  not  observed.  Below 
10  feet,  granular  soils  exhibit  very  low  compressibilities  and 
moderate  to  high  shear  strengths.  Fine-grained  interbeds  con¬ 
sist  of  mixtures  of  silt  and  clay  and  generally  contain  appreci¬ 
able  amounts  of  fine  sand.  The  fine-grained  soils  have  low 
plasticity  and  have  consistencies  ranging  from  firm  to  hard. 
They  exhibit  moderate  compressibilities  and  low  to  moderate 
shear  strengths.  Seismic  wave  velocities  of  the  fine-grained 
soils  are  substantially  lower  than  those  of  the  coarse-grained 
soils  (Table  5-5)  . 

Electrical  conductivity  of  the  soils  in  the  upper  50  feet  (15  m) 
ranges  from  0.0025  to  0.0274  mhos  per  meter  (average  0.0098  mhos 
per  meter) .  At  three  (18  percent)  out  of  17  activity  locations, 
the  electrical  conductivity  was  below  the  minimum  value  of 
0.004  mhos  per  meter  specified  in  the  Fine  Screening  criteria. 
Chswical  test  results  indicate  that  the  potential  for  sulfate 
attack  of  soils  on  concrete  will  be  negligible. 

5.6  TERRAIN 

The  Snake  East  Site  is  a  topographically  open  yet  poorly 
drained  alluvial  basin  in  which  the  central  portion  of  the  site 
forms  a  low-gradient,  playa-like  area  where  standing  water  is 
common.  Drainage  is  generally  from  southeast  to  northwest  and 
surface  elevations  within  the  site  range  from  approximately 
5400  feet  (1646  m)  above  mean  sea  level  in  the  south  to  approxi¬ 
mately  4900  feet  (1494  m)  in  the  north.  A  diversity  of  terrain 
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conditions  exists  and  categories  of  terrain  are  differentiated 
in  Drawing  5-3. 

Terrain  characteristics  are  heavily  influenced  by  surficial 
geologic  units.  Terrain  categories  II  through  IV  generally 
correspond  to  intermediate  alluvial  fans.  Slope  varies  from 
1  to  7  percent  with  a  mean  value  of  about  3  percent.  Surfaces 
are  most  deeply  incised  along  the  Conger  and  Confusion  ranges 
to  the  northeast  where  drainage  incisions  to  depths  greater 
than  20  feet  (6  m)  were  observed.  Average  drainage  depth  is 
about  6  feet  (2  m)  and  the  number  of  drainages  per  mile  varies 
between  four  and  six  near  the  mountains.  Incision  lessens  con¬ 
siderably  in  the  fan  units  in  the  south  near  the  Burbank  Hills. 

i^lixed  alluvial  and  lacustrine  deposits  corresponding  to  terrain 
category  II  occur  along  the  valley  axis.  These  areas  form  a 
transition  between  the  deeply  incised  intermediate  fans  and  the 
relatively  unincised  central  flood  plain.  Slope  varies  from 
1  to  3  percent  with  a  mean  value  of  about  2  percent.  Incision 
depths  generally  range  from  3  to  6  feet  (1  to  2  m)  with  spacing 
averaging  approximately  four  per  mile. 

Lake  deposits  (A4o)  in  the  poorly  drained  area  of  central  and 
northwest  Snake  East  are  relatively  flat  and  unincised  (terrain 
category  I) .  Slopes  may  range  from  1  to  5  percent  (mean  value 
about  2  percent) ,  owing  to  lakeshore  features  of  Lake  Bonne¬ 
ville.  Drainage  depths  generally  average  about  3  feet  (1  m) 
and  are  spaced  approximately  three  to  four  per  mile. 

-piano  NATIONAL,  INO. 


FN-TR-27-1A 


81 


5.7  DEPTH  TO  ROCK 

Drawing  5-4  shows  the  approximate  configuration  of  50-  and 
150-foot  (15-  and  46-m)  depth  to  rock  contours  in  the  Snake  East 
Site.  This  interpretation  is  based  on  limited  po;'  data  from 
borings,  seismic  refraction  surveys,  site-specific  published 
data,  and  rock  depths  inferred  from  geologic  and  geomorphic 
relationships.  Generally,  less  than  10  percent  of  the  soil- 
covered  portion  of  the  site  is  interpreted  to  be  underlain  by 
rock  at  depths  of  less  than  50  feet.  An  additional  5  percent  of 
the  site  is  interpreted  to  contain  shallow  rock  between  depths 
of  50  and  150  feet. 

The  depth  to  rock  interpretation,  in  most  cases,  represents  sub¬ 
surface  projections  of  surface  rock  tempered  by  limited  confir¬ 
matory  data  from  borings  and  seismic  lines.  For  this  reason, 
contours  generally  parallel  exposed  rock  in  the  rite.  Shallow 
rock  is  suspected  in  the  southeast  where  deeply  embayed  canyon 
reentrants  and  clusters  of  rock  outcrops  occur.  In  the  Conger 
Range,  located  in  the  northwest  portion  of  the  site,  numerous 
limestone  outcrops  indicate  a  fairly  broad  area  of  shallow  rock. 
Flat-lying  surficial  volcanic  rocks  in  the  northern  Burbank 
Hills  and  eastern  Buckskin  Hills  possibly  indicate  widespread 
shallow  rock. 

Three  seismic  refraction  surveys  identified  a  high  velocity 
(8100  fps;  2469  mps)  layer  in  the  western  portion  of  the  site. 
Coincident  boring  data  identified  this  material  as  a  thin 
claystone  layer  (5+  feet  thick;  1  to  2  m)  .  The  layer  was 
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interpreted  to  extend  across  the  western  side  of  the  site  from 
north  of  the  Burbank  Hills  to  south  of  the  Buckskin  Hills. 
Seismic  line  S-7 ,  located  near  an  outcrop  south  and  west  of  the 
Buckskin  Hills,  indicates  that  limestone  has  formed  a  shallow 
rock  shelf. 

5.8  DEPTH  TO  WATER 

Drawing  5-5  shows  the  approximate  configuration  of  50-  and 
150-foot  (15-  and  46-m)  depth  to  water  contours  in  the  Snake 
East  Site.  The  conditions  depicted  represent  unconfined  ground- 
water  conditions.  These  interpretations  rely  heavily  on  exist¬ 
ing  evaluations  by  the  U.S.  Geological  Survey  (Snyder,  1963; 
Hood  and  Rush,  1965)  ,  the  Utah  State  Engineers  Office  (1979)  , 
and  the  Utah  State  Department  of  Natural  Resources  (1978), 
supplemented  by  an  evaluation  of  28  selected  water-well  points. 
Despite  the  apparent  abundance  of  data  points,  overall  confi¬ 
dence  in  the  50-  and  150-foot  depth  interprets  tion  is  low 
because  the  water  depth  measurements  were  made  many  years 
ago  and  there  are  indications  that  some  readings  may  repre¬ 
sent  potentiometr  ic  surfaces.  Ground-water  depths  gradually 
increase  south  and  east  of  the  Snake  Valley  portions  of  the 
site.  The  deepest  reported  ground-water  depths  are  located  in 
the  north-central  portions  of  Ferguson  Desert  (600  feet;  183  m)  . 

Springs  and  evidence  of  perched  water  are  also  documented  north 
of  the  site  boundary  in  the  vicinity  of  Salt  Marsh  Lake.  A 
clay-rich  hardpan  from  Salt  Marsh  Lake  deposits  has  retarded 
ground-water  infiltration  to  the  unconfined  water  table.  An 
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analogous  situation  likely  exists  along  the  northwest  boundary 
of  the  site  adjacent  to  ill-defined  Baker  Creek. 

At  present,  ground  water  is  being  developed  only  in  the  western 
portion  of  the  site.  Ground  water  is  being  used  chiefly  for 
agriculture  and  livestock. 

5.9  RESULTS  AND  CONCLUSIONS 

5.9.1  Suitable  Area 

Resulting  suitable  area,  as  defined  by  FY  79  Verification 
Studies  in  the  Snake  East  Site,  is  shown  in  Drawing  5-6.  The 
site  contains  approximately  190  mi2  (490  km2)  of  usable  area  for 
the  hybrid  trench  basing  mode  and  135  mi2  (350  km2)  for  the  ver¬ 
tical  shelter  basing  mode.  These  results  are  somewhat  different 
than  those  reported  in  previous  Intermediate/Fine  Screening 
studies  due  chiefly  to: 

1.  Additional  terrain  exclusions  in  the  southwestern  portions 
of  the  site; 

2.  Additional  shallow  rock  exclusions  around  the  margins  of  the 
site;  and 

3.  Additional  shallow  water  exclusions  in  western  Snake  East. 

It  must  also  be  noted  that  two  small  areas  on  the  east  side  of 
the  site  and  one  area  directly  south  of  the  site  lie  within 
designated  wilderness  inventory  areas  as  defined  by  the  Bureau 
of  Land  Management  ( BLM ,  1979a;  BLM,  1979b) . 

5.9.2  Construction  Considerations 

In  this  section,  geotechnical  factors  and  conditions  which 
would  affect  the  construction  of  the  MX  system  in  the  suitable 
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area  are  discussed.  Both  the  hybrid  trench  and  vertical  shelter 
basing  modes  are  considered. 

5 . 9 . 2 . 1  Grading 

Surficial  slopes  range  from  0  to  5  percent  (average  about  2  per¬ 
cent)  within  the  suitable  area,  thus  requiring  minimum  precon¬ 
struction  grading  for  roads  and  trenches. 

5 . 9 . 2 . 2  Roads 

Subgrade  supporting  properties  of  low  strength,  surficial,  gran¬ 
ular  soils  can  generally  be  improved  by  mechanical  compaction. 
Our  studies  indicate  that  compaction  of  granular  soils  to  an 
average  depth  of  1.7  feet  (0.5  m)  is  necessary.  The  laboratory 
CBR  tests  indicate  that  the  compacted  granular  soils  will 
provide  good  to  very  good  subgrade  support  for  roads.  Support¬ 
ing  qualities  of  the  fine-grained  soils  are  inadequate  for 
direct  support  of  the  base  or  subbase  course  of  the  road  system. 
The  CBR  tests  indicate  that  mechanical  compaction  will  not 
ade  quately  strengthen  these  fine-grained  soils.  Therefore, 
required  road  subgrade  support  must  be  attained  either  by  using 
a  select  granular  subbase  layer  over  the  compacted  fine-grained 
soil  subgrade  or  by  partially  or  totally  removing  these  soils 
(depending  on  their  thickness)  and  replacing  them  with  a  suffi¬ 
cient  thickness  of  coarse-grained  soil  to  obtain  the  required 
subgrade  support. 

Well-graded  gravelly  sands  and  sandy  gravels  with  less  than 
25  percent  fines  will  be  suitable  for  use  as  road  subbase  and 
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base  course.  Although  these  soils  are  present  in  the  sub¬ 
surface,  their  extent  is  not  known. 

Drainage  incision  is  generally  less  than  6  feet  (1.8  m)  in  a 
major  portion  (60  to  80  percent)  of  the  suitable  area;  in  the 
remainder,  the  depth  of  drainage  ranges  from  6  to  12  feet  (1.8 
to  3.6  m) .  Therefore,  the  cost  of  drainage  structures  for 
roads  and  trenches  will  be  small. 


5.9. 2. 3  Excavatability  and  Stability 
Subsurface  soils  in  the  suitable  site  area  are  predominantly 
coarse  grained  with  fine-grained  soils  estimated  to  make  up 
less  than  10  percent  of  the  construction  zone.  Subsurface 
soils  are  generally  dense  to  very  dense  below  10  feet  (3  m) 


with  variable  cementation. 


Hybrid  Trench:  Compressional  wave  velocities  in  the  upper 
20  feet  (6  m)  indicate  easy  to  moderately  difficult  excavation 
in  the  suitable  area.  MX  trenchers  could  be  used  to  excavate 
continuous  trenches  suitable  for  cast- in-place  construction. 
Because  of  low  strength  surficial  soil,  the  top  2  to  5  feet 
(0.6  to  1.5  m)  in  trench  excavations  will  generally  have  to  be 
sloped  back  for  stability.  Below  this  zone,  vertical  trench 
walls  will  remain  temporarily  stable  in  approximately  70  per¬ 
cent  of  the  suitable  area.  In  the  remaining  area,  the  apparent 
cohesion  and/or  degree  of  cementation  of  the  subsurface  soils 
is  inadequate  to  provide  temporary  stability  for  vertical  cuts. 
Therefore,  trench  walls  in  these  areas  will  have  to  be  shored 
or  sloped. 


BHO  NATIONAL,  INC 


FN-TR-27-1A 


86 


Vertical  shelter:  Within  the  depth  of  excavation  for  vertical 

shelters,  investigations  indicate  that  large  diameter  augers 
could  be  used  with  difficult  excavation  expected  in  approxi¬ 
mately  10  percent  of  the  suitable  area.  Most  of  the  excavations 
will  be  in  granular  soils  with  only  intermittent  cemented  or 
cohesive  soil  intervals.  Therefore,  the  vertical  walls  of  these 
shelters  will  probably  not  remain  stable  to  depths  of  120  feet 
(37  m)  without  the  use  of  a  slurry  or  other  stabilizing  tech¬ 
niques. 

5.10  RECOMMENDATIONS  FOR  FUTURE  STUDIES 

The  following  geotechnical  conditions  have  been  identified  as 
requiring  additional  investigation  in  order  to  meet  confidence 
levels  attained  over  most  of  the  Verification  site. 

1.  Depth  to  rock  contours  are  poorly  defined  on  the  east  side 
of  the  site  near  Ecks  and  Pyramid  Knolls.  Additional 
borings  and  seismic  refraction  surveys  are  recommended  to 
further  define  shallow  rock. 

2.  Depth  to  water  contours  that  define  the  western  suitable 
area  boundary  are  approximate  and  require  further  refine¬ 
ment.  It  is  recommended  that  observation  wells  be  installed 
and  additional  geophysical  studies  be  performed  to  provide 
more  accurate  ground-water  depths. 

3.  A  full  verification  investigation  is  recommended  to  estab¬ 
lish  suitable  area  boundaries  and  basin-fill  characteristics 
both  north  and  south  of  the  present  Snake  East  Site. 
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Contour  indicates  rock  at  a  depth  of  approximately 
150  feet  (46m)  -  hachuring  indicates  rock  less 
than  150  feet  (46m) 


Contact  between  rock  and  basin  filf 


Shading  indicates  areas  of  isolated  exposed  rock 


Data  source  -  Fugro  boring  (6),  seismic  refraction 
line  (S).  electrical  resistivity  sounding  (R). 
or  water  well  (W). _ 

Depth  to  rock  (feet)  or.  when  in  parentheses,  depth 
above  which  rock  does  not  occur  (feet) 


NOTE:  The  contours  ate  based  on  geologic  interpretations 
and  the  limited  data  points  sho»n  on  the  reap  Soree 
changes  i  :i  contour  locations  can  be  espected  as 
additional  data  are  obtained. 
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W341I947 


EXPLANATION 


Contour  indicates  ground  mater  at  a  depth  of  approximately 
50  feet  (15m)  -  queried  mhere  data  are  extremely  sparse. 
Shading  indicates  less  than  50  feet  (15m)  to  ground  mater 


Contour  indicates  ground  mater  at  a  depth  of  approximately 
150  feet  (46m)  -  queried  mhere  data  are  extremely  sparse. 
Hachuring  indicates  less  than  150  feet  (46m)  to  ground  mater. 


Contact  between  rock  and  basin-fill 


Shading  indicates  areas  of  isolated  exposed  rock 


Data  source  -  Fugro  boring  (8).  seismic 
refraction  line  (S),  electrical  resistivity 
sounding  (R).  or  mater  mell  (W);  see  Volume  m, 
Section  20. 

Year  of  mater 
level  measurement 

ftept^  to  mater  (feet ) 

Oepth 

of  mell  (feet) 

NOTE:  The  contours  are  based  entirely  on  the  data  points  shown  on  the  map 
Ertensive  interpretation  has  been  used  and  it  can  be  erpected  that 
contour  locations  wilt  change  as  additional*  data  are  obtained. 
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EXPLANATION 


Urea  suitable  for  hybrid  trench  and  vertical  shelter 
basing  mode.  Oepth  to  rock  and  water  greater  than 
130  feet  (46m). 


Area  suitable  for  hybrid  trench  and  not  suitable  for 
vertical  shelter  Oepth  to  rock  and  water  greater 
than  50  feet  (15m)  and  less  than  150  feet  (46m). 


Area  unsuitable  for  both  hybrid  trench  and  vertical 
shelter  basing  modes  as  determined  from  application 
df  depth  to  rock  and  water  topographic  terrain,  and 
cultural  exclusions.  (See  Section  A2  0  in  Appendix 
for  details  of  exclusion  criteria) 


Indicates  areas  of  exposed  rock. 


Contact  between  rock  and  basin  fill. 
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6  .0  HAMLIN  CDP 


6  .1  GEOGRAPHIC  SETTING 

Hamlin  CDP  is  located  principally  in  Lincoln  and  White  Pine 
counties  in  east-central  Nevada  with  portions  in  Millard, 
Beaver,  and  Iron  counties,  Utah  (Figure  6-1)  .  Baker,  Nevada  is 
located  at  the  northern  end  of  the  CDP  with  the  Burbank  Hills 
and  Needle  Range  forming  the  eastern  boundary.  The  Snake  Range, 
Limestone  Hills,  and  White  Rock  Mountains  form  the  western 
boundary  of  the  CDP  which  extends  south  to  the  end  of  Hamlin 
Valley  about  10  miles  (16  km)  north  of  Modena,  Utah.  The  Veri¬ 
fication  site  encompasses  the  northern  part  of  the  CDP,  princi¬ 
pally  in  Nevada  from  38°20'  to  38°50'  north  latitude. 

No  paved  roads  occur  within  the  CDP,  but  access  is  generally 
good  along  well-maintained  ranch  and  mine  roads.  The  nearest 
towns  are  Baker,  Nevada  and  Garrison,  Utah,  along  Highway  21 
near  the  northern  end  of  the  CDP.  Ely,  Nevada  is  located 
48  miles  (77  km)  west  and  north  of  the  CDP  on  Highway  93.  Most 
of  the  CDP  is  undeveloped  rangeland  containing  several  ranches 
and  agricultural  fields  located  principally  along  Hamlin  Wash. 

6  .2  SCOPE 

The  scope  of  geologic,  geophysical,  and  soils  engineering  field 
activities  performed  at  the  site  and  laboratory  tests  performed 
on  soil  samples  from  the  site  are  presented  in  Table  6-1.  Loca¬ 
tions  of  the  geophysical  and  engineering  activities  are  shown  in 
Drawing  6-1  (end  of  Section  6.0) . 
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GEOLOGY  AND  GEOPHYSICS 


ENGINEERING 


TYPE  OF  ACTIVITY 

NUMBER  OF 
ACTIVITIES 

Geologic  mapping  stations 

77 

Shallow  refraction 

■ 

9 

Electrical  resistivity 

■ 

9 

Gravity  profi les 

9 

NUMBER  OF 
TESTS 


ENGINEERING-LABORATORY  TESTS 


TYPE  OF  TEST 


Moisture/density 


Specific  gravity 


Sieve  analysis 


Hydrometer 


Atterberg  limits 


Consolidation 


Unconfined  compression 


Triaxial  compression 


irect  shear 


Compaction 

6 

CBR 

6 

Chemical  analysis 

12 

NUMBER  OF  BORINGS 

NOMINAL  DEPTH 
FEET  (METERS) 

4 

160  (49) 

2 

120  (37) 

NUMBER  OF  TRENCHES 

NOMINAL  DEPTH 
FEET  (METERS) 

10 

10-14  (3-4) 

NUMBER  OF  TEST  PITS 

NOMINAL  DEPTH 
FEET  (METERS) 

28 

5  (2) 

NUMBER  OF  CPTs 


61 


TYPE  OF  ACTIVITY 


Surf icial  soi I  samples 


Field  CBR  tests 


RANGE  OF  DEPTH 
FEET  (METERS) 


1-36  (0.3-11) 


NUMBER  OF 
ACTIVITIES 


SCOPE  OF  ACTIVITIES 
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6  . 3  GEOLOGICAL  SETTING 

The  Hamlin  Site  area  is  an  elongate  north-south  trending 
alluvial  basin.  The  white  Rock  Range  and  the  central  portion 
of  the  Needle  Range  are  composed  of  undifferentiated  Tertiary 
volcanic  rocks.  Other  mountains  along  the  valley  periphery  are 
composed  of  an  assemblage  of  Paleozoic  limestones,  dolomites, 
shales,  and  sandstones  (Hintze,  1963;  Hose  and  Blake,  1976; 
Tschanz  and  Pampeyan,  1970)  . 

Basin  and  Range  block  faulting  has  formed  the  strong  north- 
south  physiographic  framework  of  the  valley  and  has  probably 
caused  a  recent  upwarping  of  the  southern  end  of  the  valley. 
Evidence  for  this  event  are  the  higher  topographic  level  of 
lake  beds  being  exhumed  in  the  southwest  portion  of  the  site 
combined  with  anomalous  north  trending  drainage.  Numerous 
small  faults  offset  alluvium  in  the  same  area. 


Sediments  in  the  site  are  predominantly  alluvial  fan  and  older 
lacustrine  deposits.  Surficial  geologic  units  mapped  in  the 
site  (Drawing  6-2)  consist  of  the  following  (from  oldest  to 
youngest)  : 

o  Older  alluvial  fan  deposits  -  This  is  the  least  extensive 
unit  in  the  site,  outcropping  along  the  Needle  and  Snake 
Ranges.  This  unit  was  also  encountered  in  borings  and 
trenches  in  the  shallow  subsurface  near  the  mountains. 
The  unit  is  composed  of  admixtures  of  we  1 1- i ndu r a  ted 
gravels  and  sandy  gravels. 

o  Lacustrine  deposits  -  Lacustrine  deposits  cover  approxi¬ 
mately  one-fifth  of  the  site  and  are  generally  restricted 
to  the  west  side  of  Hamlin  Wash  where  they  are  being 
actively  exhumed.  In  the  southwest,  they  are  overlain 
by  intermediate  fans.  The  deposits  are  composed  of  admix¬ 
tures  of  sands,  silts,  and  clays,  but  predomi nantly  are 
clayey  sands.  These  Pi io-Pleistocene  lake  beds  interfinger 
with  older  fan  deposits. 


T 
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o  Intermediate  alluvial  fan  deposits  -  This  is  the  most 
extensive  surficial  unit  in  the  site,  forming  a  distinctive 
surface  over  much  of  the  valley  flanks,  particularly  in 
the  southern  portion  of  the  site.  The  unit  is  composed  of 
silty  to  clayey  sands  and  generally  grades  into  younger 
fan  and  terrace  deposits  except  along  incised  reaches  of 
Hamlin  Wash. 

o  Younger  alluvial  fan,  terrace,  and  stream  channel  depos¬ 
its  -  These  units  are  exposed  over  approximately  one- 
fourth  of  the  site,  generally  occurring  in  the  central 
part  of  the  valley  and  along  drainage  channels.  Distinc¬ 
tive  features  of  each  unit  are  often  obscure  and  difficult 
to  distinguish  at  this  scale  of  study.  Younger  fans  and 
terrace  materials  are  predominantly  silty  sand.  Channel 
deposits  range  from  a  silty  sand  to  sandy  and  clayey  silts 
in  areas  of  lower  gradient. 


6  .4  SURFACE  SOILS 

Soils  of  the  Hamlin  Site  are  generally  coarse-grained,  ranging 
from  sandy  gravels  to  silty  sands.  Small  amounts  of  fine¬ 
grained  soils  are  also  present.  Soils  from  the  predominant  sur¬ 
ficial  geologic  units  (Drawing  6-2)  can  be  combined  into  the 
following  three  categories: 

1.  Silty  sands  and  clayey  sands  (from  geologic  units  A2s, 
A4os,  A5ys,  A5is,  and  A5ig); 

2.  Sandy  gravels  and  gravelly  sands  (from  geologic  units  A4os, 
A5ys,  A5is,  and  A5ig);  and 

3.  Sandy  silts,  silts,  and  sandy  clays  (from  geologic  unit 
A4o f )  . 


6  .4  .1  Characteristics 

The  characteristics  of  surficial  soils,  based  on  field  and 
laboratory  test  results,  are  summarized  in  Table  6-2.  In 
addition  to  the  physical  properties,  nad  design  data  consisting 
of  laboratory  compaction  and  California  Bearing  Ratio  (CBR) 
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SOIL  DESCRIPTION 


USCS  SYMBOLS 


PREDOMINANT  SURF  1C  I AL  GEOLOGIC  UNITS 


ESTIMATED  AREAL  EXTENT 


PHYSICAL  PROPERTIES 


COBBLES  3  -  12  inches  (B  -30  cm) 


GRAVEL 


SAND 


SILT  AND  CLAY 


LIQUID  LIMIT 


PLASTICITY  INDEX 


ROAD  DESIGN  DATA 


MAXIMUM  DRY  DENSITY  pet  (kg/m3) 


OPTIMUM  MOISTURE  CONTENT 


CBR  AT  90',  RELATIVE  COMPACTION 


SUITABILITY  AS  ROAD  SUBGRADE  <>> 


SUITABILITY  AS  ROAD  SUBBASE  OR  BASE  <’> 


THICKNESS  OF 
LOW  STRENGTH 
SURFICIAL  S0IL(2) 


Silty  Sands  and  Clayey  Sands 


SM.  SC 


A2s,  A4os.  A5ys.  A5is.  A5ig 


35-55 


116.  1-129.5 
(  1860  -2074) 


9  0  13  5 


14-32 


lair  to  good 


poor  to  fair 


Sandy  Gravels  . 
Gravel ly  Sands 


(1)  Suitability  is  a  subjective  rating  explained  in  Section  A5.0 
of  the  Appendix. 

(2)  Low  strength  surficial  soil  is  defined  as  soil  which  will  perform 
poorly  as  a  road  subgrade  at  its  present  consistency;  see  Table 
for  detai Is. 
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good  to  very 


fair  to  good 


RANGE  ft  (m) 

AVERAGE  ft  (m) 

•  L  J  - 

•  NDA  - 


Sandy  Gravels  and 
(ravel  ly  Sands 


Mos.  A5ys,  A5is.  A5ig 


35-55 


33.7-141  9 
2142  2273) 


ood  to  very  good 


Sandy  Silts.  Silts, 
and  Sandy  Clays 


ML.  CL 


A4  o  f 


10-20 


NOA 


NOA 


NOA 


poor  to  fait 


22-50 

L _ 

O'] 

0-2 

[3] 

35-64  [if] 

3  42 

[3] 

11-24 

DO 

56  97 

[<] 

|MDA 

23  37 

[3] 

*P 

['] 

5-10 

[3] 

fair  to  good 

not  suitable 

i!.">  00 

0.9-3. 7 
(0  3-1  1) 

[3] 

!.%>  oo 

2  5 
(0  8) 

[3] 

•  L  J  "  Number  of  tests  performed 

•  NBA  -  No  data  available  (insufficient  data  or  tests 
not  performed) 
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test  results,  depth  range  and  average  depths  of  low  strength 
surficial  soils,  and  suitability  of  the  soils  for  road  use  are 
included  in  the  table.  The  range  of  gradation  of  surficial 
soils  is  presented  in  Figure  6-2. 

Silty  sands  and  clayey  sands  have  an  areal  extent  ranging  from 
35  to  55  percent.  The  silty  sands  exhibit  none  to  slight 
plasticity  and  are  generally  found  in  the  northern  and  central 
portions  of  the  site.  Clayey  sands  of  slight  to  high  plas¬ 
ticity  are  found  in  the  southern  portions  of  the  site.  Both 
silty  sands  and  clayey  sands  contain  coarse  to  fine  sand  and 
fine  gravel. 

Sandy  gravels  and  gravelly  sands  have  an  areal  extent  ranging 
from  35  to  55  percent  in  the  site.  They  are  found  in  the 
northern  and  central  site  portions  and  along  the  mountain 
fronts.  These  soils  contain  predominantly  fine  gravels  and 
coarse  to  fine  sands  and  have  appreciable  amounts  of  fines 
which  are  nonplastic  to  slightly  plastic. 

Sandy  silts,  silts,  and  sandy  clays  range  from  10  to  20  percent 
in  areal  extent.  Most  of  these  soils  are  found  in  a  limited 
band  trending  north  to  south  through  the  center  of  the  site. 
The  sand  component  is  predominantly  fine-grained,  and  soil 
plasticity  ranges  from  slight  to  medium. 

6.4.2  Low  Strength  Surficial  Soils 

Cone  Penetrometer  Test  (CPT)  results  were  used  in  conjunction 
with  soil  classifications  to  estimate  the  thickness  of  low 
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strength  surficial  soil  and  results  are  presented  in  Table  6-3. 
Range  and  mean  values  for  the  three  soil  groups  are  included  in 
Table  6-2.  Surficial  granular  soils  showed  a  low  strength 
thickness  range  of  0.6  to  4.0  feet  (0.2  to  1.2  m)  with  an 
average  of  1.3  feet  (0.4  m) .  The  variation  in  the  thickness  of 
low  strength  surficial  granular  soils  is  due  to  the  degree  of 
calcium  carbonate  cementation,  which  varies  with  the  age  of  the 
deposit.  Fine-grained  soils  exhibit  low  strengths  tr  depths 
ranging  from  0.9  to  3.7  feet  (0.3  to  1.1  m)  with  an  average  of 
2.5  feet  (0.8  m)  .  The  extent  of  low  strength,  fine-grained 
soils  is  influenced  by  in  situ  density,  soil  moisture  condi¬ 
tion,  and  the  amount  of  fine  sand  present. 

6  .5  SUBSURFACE  SOILS 

Figures  6-3  through  6-7  show  the  composition  of  soils  with 
depth,  as  determined  from  borings,  trenches,  and  test  pits.  The 
subsurface  soils  are  predominantly  coarse-grained,  consisting  of 
sandy  gravels  and  gravelly  sand.  These  soils  are  associated 
with  alluvial  fan  deposits  of  varying  age  which  are  found  along 
the  valley  flanks,  the  northwest  and  southwest  portions  of  the 
site,  and  interfinger  with  lacustrine  deposits  in  the  central 
portions  of  the  site.  Gravel  content  increases  approaching  the 
mountain  fronts.  Some  silty  sands,  clayey  sands,  and  fine¬ 
grained  soils  of  lacustrine  origin  were  encountered  near  the 
central  portion  of  the  site,  both  east  and  west  of  Hamlin  Wash. 

Results  of  seismic  refraction  and  electrical  resistivity  surveys 
are  summarized  in  Table  6-4.  The  characteristics  of  subsurfaca 
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TEST  NUMBER <' 


THICKNESS  OF  LOW  STRENGTH 
SURFICIAL  SOIL  <2> 


SOIL  TYPE  (3> 


SM 

SM 

SM  GM 

SM  SP-SM 

SM 

GP 

GM 

SM 

SM 

_  SM 

SM 

SM 

SM 

SM 

SM.  GM 

SM 

GP-GM 

SM  GM 
SM 

SC 

SM 

SM 

GP 

GP-GM 

SM  GM 
SM 

SM  SP-SM 

SM 


(1)  For  Cone  Penetrometer  Test  locations  see  Drawing  6-1, 

Activity  Location  Map. 

(2)  Thickness  corresponds  to  depth  below  ground  surface.  Low  strength 
surficial  soil  is  defined  as  soil  which  will  perform  poorly  as  a 
road  subgrade  at  its  present  consistency.  Low  strength  is  based 
on  Cone  Penetrometer  Test  results  using  the  following  criteria: 

Coarse-grained  soils:  q c -=  120  tsf  (117  kg  cm2) 

Fine-grained  soils:  qc -=  80  tsf  (78  kg  cm2) 

where  qc  is  cone  resistance 

(3)  Soil  type  is  based  on  Unified  Soil  Classification  System;  see 
Section  A5  0  in  the  Appendix  for  explanation 
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•  For  fine-grained  soils  (ML,  CL,  MH  and  CH).  thickness  of  low 
s  rength  surf icial  soil  will  vary  depending  on  moisture  content 
of  the  soi I  at  time  of  testing. 


•  SM  CM  -  indicates  SM  underlain  by  GM 

•  NDA  -  No  data  avai lable 
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soils,  as  determined  from  field  and  laboratory  test  results,  are 
summarized  in  Table  6-5.  Range  of  gradation  of  these  soils  is 
shown  in  Figure  6-8. 

Below  10  feet  (3  m) ,  coarse-grained  soils  are  generally  dense  to 
very  dense  and  exhibit  moderate  to  high  shear  strengths.  They 
are  poorly  to  well  graded  and  contain  fine  to  coarse  sands  and 
gravels.  The  degree  of  calcium  carbonate  cementation  varies 
from  none  to  strong,  depending  on  age  of  the  deposit.  The  wide 
range  of  seismic  wave  velocities  in  coarse-grained  soils  is 
apparently  due  to  variation  in  density,  composition,  and  cemen¬ 
tation.  Fine-grained  soils  (silts  and  clays)  are  of  slight  to 
medium  plasticity  and  stiff  consistency.  They  exhibit  moderate 
compressibility  and  moderate  to  high  shear  strength.  Seismic 
wave  velocities  in  the  fine-grained  soils  are  substantially 
lower  than  determined  for  coarse-grained  soils. 

The  electrical  resistivity  profiles  typically  show  a  relatively 
shallow  zone  of  decreased  resistivity  between  layers  of  higher 
resistivity.  The  lower  resistivity  layer  may  indicate  a  zone 
where  salts  have  been  concentrated  through  leaching  and  evapo¬ 
ration.  Electrical  conductivity  of  the  soils  in  the  upper  50 
feet  (15  m)  ranges  from  0.0026  to  0.0450  mhos  per  meter  and 
averages  0.0090  mhos  per  meter.  At  six  of  the  19  locations 
tested,  the  measured  conductivities  were  less  than  the  minimum 
value  of  0  .004  mhos  per  meter  specified  in  the  Fine  Screening 
criteria.  Chemical  test  results  indicate  that  potential  for 
sulfate  attack  of  soils  on  concrete  may  be  " cons ide rable . " 
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•  Characteristics  of  soils  between  2  and  20  feet  (0  6  and  60  meters)  are 
based  on  results  of  tests  on  samples  from  6  borings.  II  trenches,  and 
28  test  pits,  and  results  of  21  seismic  refraction  surveys. 

•Characteristics  of  soils  below  20  feet  (6  0  meters)  are  based  on  results 
of  tests  on  samples  from  6  borings  and  results  of  21  seismic  refraction 
surveys. 
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[]  -  Number  of  tests  performed. 


c  =  0.3.  ^  *  19 
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•  NOA  -  No  data  available  (insufficient  data  or  tests  not  performed.) 
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6.6  TERRAIN 

The  Hamlin  Site  occupies  a  topographically  open  basin  which  is 
drained  by  Hamlin  Wash.  Surface  elevations  along  the  drainage 
range  from  a  high  in  the  south  of  6100  feet  (1859  m)  to  a  low 
in  the  northwest  of  5400  feet  (  1646  m)  ,  defining  a  regional 
gradient  of  19  feet  per  mile  (4  m  per  km)  to  the  north.  Char¬ 
acteristics  of  the  terrain  are  most  heavily  influenced  by  the 
morphologic  expression  of  the  surficial  geologic  units.  Cate¬ 
gories  of  terrain  are  differentiated  in  Drawing  6-3. 

Depths  of  incision  are  greatest  in  the  A5o  and  A5i  fans  that 
flank  the  mountain  fronts.  Drainage  depths  along  the  north  and 
central  valley  flanks  average  6  feet  (2  m;  category  II)  and 
corresponding  slopes  average  4  percent.  Depth  of  incision 
increases  significantly  in  the  southern  part  of  the  site.  Com¬ 
parable  slopes  of  4  percent  exhibit  an  average  depth  of  incision 
of  over  13  feet  (4  m;  category  III).  Fan  segments  reflecting 
unsuitable  (category  VII)  terrain  are  restricted  to  peripheral 
areas  along  the  Needle  and  Snake  ranges  and  to  the  south-central 
part  of  the  site. 

The  flat  central  part  of  the  site  is  dominated  by  younger 
alluvial  fan  and  terrace  deposits.  Slopes  generally  average 
1  percent  and  drainage  depths  are  2  feet  (0.6  m)  or  less 
(category  I )  . 

6.7  DEPTH  TO  ROCK 

The  approximate  configuration  of  the  50-foot  (15-m)  and  150-foot 
(46-m)  depth  to  rock  contours  are  shown  in  Drawing  6-4.  This 
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estimation  is  based  on  limited  published  well  data,  engineering 
and  geophysical  data  obtained  for  this  report,  and  cons ider a t i on 
of  the  lithology  and  structure  of  rock  bounding  the  valley.  As 
shown,  approximately  12  percent  of  the  site  is  interpreted  to  be 
underlain  by  rock  less  than  50  feet  (15  m)  in  depth  with  less 
than  5  percent  interpreted  to  be  underlain  by  rock  at  a  depth 
between  50  feet  and  150  (46  m)  feet. 

Depth  to  rock  contours  are  interpreted  as  closely  paralleling 
the  steep,  cl i f f- f o rmi ng  sedimentary  rocks  bounding  the  north 
and  central  portions  of  the  site.  Data  to  provide  control  of 
the  contours  are  sparse.  At  seismic  line  S-5,  located  a  few 
hundred  feet  from  a  limestone  outcrop  in  the  Snake  Range, 
a  seismic  velocity  of  11,000  fps  (3353  mps)  was  calculated  at  a 
depth  of  100  feet  (30  m)  ,  supporting  a  steeply  dipping  range 
front.  In  the  southwest  corner  of  the  site,  volcanic  hills  of 
low  relief  are  suspected  of  having  associated  shallow  sub¬ 
surface  components.  Depth  to  rock  contours  were  situated 
further  from  rock  outcrops  to  avoid  these  high  risk  areas. 

On  seismic  lines  S-9,  S-12,  and  S-13,  respective  velocities  of 
7000,  7700,  and  7800  fps  (2134,  2347,  2377  mps)  were  obtained. 
A  boring  to  150  feet  is  also  associated  with  each  of  these 
localities  and  in  each  case,  a  partially  cemented  fanglomerate 
was  encountered  at  a  depth  corresponding  to  the  high  velocity 
layer.  On  Drawing  6-4,  these  locations  were  not  considered  as 
rock  exclusions. 
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6 .8  DEPTH  TO  WATER 


The  interpretation  of  the  50-foot  (15-m)  and  150-foot  (46-m) 
depth  to  water  contours  is  based  primarily  upon  existing 
evaluations  made  by  the  U  .S  .  Geologic  Survey  (Hood  and  Rush, 
1966),  supplemented  with  boring  and  resistivity  data  obtained 
during  the  Verification  program  (Drawing  6-5)  .  As  interpreted, 
the  area  with  ground  water  at  less  than  50  feet  comprises 
approximately  12  to  15  percent  of  the  site  area  and  an  addi¬ 
tional  15  to  18  percent  lies  between  50  feet  and  150  feet  in 
depth . 

The  site  is  a  partially  drained,  ground-water  basin  (Eakin, 
Price  and  Harrill,  1976)  which  is  hyd ro log i ca 1 1  y  continuous 
with  Snake  Valley  to  the  north.  Water  table  depths  range  from 
less  than  10  feet  (3  m)  in  the  northern  end  of  the  site  to 
greater  than  150  feet  in  the  southern  end. 

Resistivity  data  indicate  the  possibility  of  perched  water  in 
the  northeast  corner  of  the  site  at  depths  of  8  feet  (2.5  m) 
and  10  feet  at  stations  R-l  and  R-2,  respectively.  Boring 
data,  however,  do  not  confirm  this  interpretation.  If  perched 
water  is  present  in  this  area,  the  quantity  is  very  low. 

6  *9  RESULTS  AND  CONCLUSIONS 
6  .9  .1  Suitable  Area 

Resulting  suitable  area,  as  defined  by  FY  79  Verification 
Studies  in  the  Hamlin  Site,  is  shown  in  Drawing  6-6.  The  site 
contains  approximately  245  mi2  (635  km2)  of  usable  area  for  a 
hybrid  trench  basing  mode  and  150  mi2  (390  km2)  for  a  vertical 
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shelter  basing  mode  concept.  These  figures  are  smaller  than 
those  presented  during  Intermediate/Fine  Screening  studies  and 
represent  a  general  refinement  of  area  based  on: 

1.  New  terrain  exclusions,  particularly  in  the  southern  portion 
of  the  site,  that  were  not  discernible  at  a  scale  used  for 
Screening  studies; 

2.  Small  reductions  in  area  around  the  margins  of  the  site  due 
to  shallow  rock  identified  during  field  verification;  and 

3.  Significantly  larger  depth  to  water  exclusions  based  on 
data  obtained  after  the  Intermediate  Screening  studies. 

6.9.2  Construction  Considerations 

In  this  section,  geotechnical  factors  and  conditions  which 
affect  the  construction  of  the  MX  system  in  the  suitable  area 
are  discussed.  Both  the  hybrid  trench  and  vertical  shelter 
basing  modes  are  considered. 

6. 9. 2.1  Grading 

The  surficial  slopes  in  the  Hamlin  Site  range  from  0  to  8  per¬ 
cent  with  an  average  of  3  percent.  Therefore,  preconstruction 
grading  for  roads  and  trenches  will  be  minimal. 

6  .9  .2  .2  Roads 

The  surficial  granular  soils  of  low  strength  will  require 
mechanical  compaction  to  an  average  depth  of  1.3  feet  (0.4  m) 
to  improve  their  subgrade  supporting  properties.  Laboratory 
California  Bearing  Ratio  (CBR)  test  results  indicate  that 
the  compacted  granular  soils  will  provide  good  to  very  good 
subgrade  support.  Compaction  of  the  fine-grained  surficial 
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soils  may  not  provide  adequate  subgrade  support.  Therefore, 
these  soils  should  be  covered  with  a  select  granular  subbase 
layer  over  the  compacted  subgrade.  As  an  alternative,  these 
soils  could  be  partially  or  totally  removed,  depending  on  their 
thickness,  and  replaced  by  a  sufficient  thickness  of  coarse¬ 
grained  soil  to  obtain  the  required  subgrade  support.  Well- 
graded,  gravelly  sands  and  sandy  gravels  will  be  suitable  as 
road  subbase  and  base  course  material  when  less  than  25  percent 
fines  (passing  a  No.  200  sieve)  are  present.  These  soils  are 
present  in  surface  and  subsurface  areas;  however,  their  areal 
extent  is  unknown. 


The  average  depth  of  drainage  incisions  in  the  suitable  area  is 
8  feet  (2.4  m)  and  exceeds  12  feet  (3.6  m)  over  approximately 
20  percent  of  the  area.  Big  Spring  Wash  in  the  northwestern 
portion  of  the  site  has  an  incision  depth  of  75  feet  (23  m)  ; 
however,  drainage  incision  depths  in  the  rest  of  the  suitable 
area  range  from  less  than  1  foot  to  33  feet  (0.3  to  10  m) . 
Overall,  the  cost  of  drainage  structures  will  probably  be 
moderate  to  high. 

6. 9. 2. 3  Excavatability  and  Stability 
The  soils  in  the  construction  zone  are  generally  medium  dense 
to  very  dense.  Calcium  carbonate  cementation  is  moderately 
well  developed  in  the  upper  10  feet  (3  m)  but  is  variable  with 
depth.  Fine-grained  soils  are  expected  to  compose  less  than 
20  percent  of  the  soils  within  the  construction  zone. 
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Hybrid  Trench:  The  compressional  wave  velocities  in  the  upper 
20  feet  (6  m)  indicate  easy  to  moderately  difficult  excavation 
in  the  suitable  area.  Continuous  trenches  could  be  excavated 
by  an  MX  trencher  for  cast- in-place  construction.  Because  of 
low  strength  surficial  soil,  the  top  2  to  5  feet  (0.6  to  1.5  m) 
in  trench  excavations  will  generally  have  to  be  sloped  back  for 
stability.  Below  this  zone,  vertical  trench  walls  will  be 
temporarily  stable  in  approximately  70  percent  of  the  area. 
Sloping  or  trench  shoring  will  probably  be  required  in  the 
remaining  area. 


Vertical  Shelter:  Within  the  depth  of  vertical  shelter  con¬ 
struction,  compressional  wave  velocities  indicate  easy  to 
moderately  difficult  excavation  conditions  over  most  of  the 
site.  Large  diameter  auger  drills  could  be  used  for  excava¬ 
tion  of  vertical  shelters.  Excavations  to  120  feet  (37  m)  will 
probably  not  remain  stable  without  the  use  of  slurry  or  other 
stabilizing  techniques. 

The  following  geotechnical  conditions  have  been  identified  as 
requiring  additional  information. 


6 .10  RECOMMENDATIONS  FOR  FUTURE  STUDIES 

1.  The  150-foot  (46-m)  to  ground-water  contour  is  very  approxi¬ 
mate  near  the  Limestone  Hills  in  the  western  portion  of  the 
site.  Additional  ground-water  observation  wells  are  recom¬ 
mended  to  determine  the  depth  to  and  extent  of  ground  water 
in  this  area. 
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2.  A  full  verification  field  investigation  is  recommended  in  a 
large  parcel  immediately  north  and  east  of  the  site.  Part 
of  this  area  has  been  redefined  as  suitable  on  the  basis  of 
better  ground-water  information  since  the  Intermediate 
Screening  report  and  has  not  been  field-verified. 
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EXPLANATION 


SURF  I C I AL  BASIN-FILL  DEPOSITS 

AH  Younger  Fluvial  Deposi  ts  -  Modern  stream  channel  and  tlood-pti 
Hls  sandy  silt  (ML)  and  Als.  silty  sand  (SM) 

Older  Fluvial  Deposits  -  Older  stream  channel  and  flood-plain 
composed  of  silty  sand  (Si). 

Older  Lacustnne  Deposits  -  Older  bed  lake  deposits  of:  A4of, 
clayey  silt  (CL,  ML)  and  A4os,  silty  sand  (SM). 


Younger  Alluvial  Fan  Deposits  -  Active  younger  alluvial  tan  dt| 
and  gravelly  sand  (SM). 

A5is  Intermediate  Alluvial  Fan  Deposits  -  Inactive,  intermediate-agl 

-  A5i s,  weakly  cemented  silty  sand  and  gravelly  sand  (SM)  and  I 

A5ig(  silty  gravel  (CM). 


Older  Alluvial  Fan  Deposits  -  Older,  highly  eroded  alluvial  f« 
cemented  silty  sand  and  gravelly  sand  (SM). 


.  ,T.  nuun  um  li 

Igneous  (I) 

|  It  j  Quartz  monzomte  and  granodiorite 

[  12  j  Rhyolite,  quartz  latite,  dacite  and  andesite 

j  13  [  Airfall  tuff;  tuff  breccia;  and  andesite,  trachyte,  and  let 


Sedimentary  (S) 

| SI  j  Sandstone  and  orthoquartzite 

(-S?  1  Limestone  and  dolomite,  locally  cherty,  with  thin  interbeds* 
|  S3  )  Shale  with  inter  bedded  limestone 


A5ys  A5ts  Combination  of  geologic  unit  symbols  indicates  a  nurture  of 
or  rock  units  inseparable  at  map  scale 

A5is  ($2)  Parenthetic  unit  underlies  surface  unit  at  shallow  depth,  j 

SYMBOLS 

Contact  between  rock  and  basin  till. 

‘  Contact  between  surlictal  basin-fill  or  rock  units 

Pauli,  trace  of  surface  rupture  of  faults  offsetting  sutfiJ 
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a  aixturt  of  ti 


or  rock  units  inseparable  at  nap  scale 

A5is  (S2)  Parenthetic  unit  underlies  surface  unit  at  shallow  depth. 

SYMBOLS 

Contact  between  rock  and  basin  till. 

- - -  Contact  between  sutficial  basin-fill  or  rock  units 

fault,  trace  of  surface  rupture  of  faults  offsetting  surficial  basil 
ball  on  downthrown  side. 


NOTES:  I  Surficial  basln-ftll  units  pertain  only  to  tha  upper  several  feet  of  sell. 

surficial  deposits  and  scale  ol  eap  presentation,  unit  descriptions  refer  ta 
soil  types  Varying  amounts  :of  other  soil  types  can  be  eipected  within  ea 

2  The  Distribution  ol  geologic  data  stations  is  presented  in  Voluaie  H.  Drawls! 
all  station  data  and  generalized  description  of  all  geologic  units  is  incl 
Section  1.0 

3,  Geology  in  areas  of  eiposed  roc N  from  Hintze  (1963).  Hosa  and  Blake  (1971)1 

Panpeyan  (  1970). 


|ic  unit  symbols  indicates  a  mixture  of  either  surficial  basin-fill 

■rable  at  nap  scale 

■rlies  surface  unit  at  shallon  depth. 
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SCALE  1:125. 000 


and  basin  fill. 

icial  basin-fill  or  rock  units. 


■ce  rupture  of  faults  offsetting  surficial  basin-fill  deposits, 
de. 


flit  pertain  only  to  th«  upper  several  Itat  of  tail  Oua  to  variability  of 
•eala  al  aap  presentation,  unit  detcriptiona  ralar  to  the  pr ado* i nan t 
•unit  :of  other  soil  typos  can  bo  eapectad  aithin  each  geologic  unit 

Itsgic  data  stations  is  presented  in  Voluae  U.  Oraaing  t  A  tabulation  of 
Moralized  description  of  all  goologic  units  is  included  in  Volume  TT 

IMed  rock  Iroa  Hintze  (  1963).  Hose  and  Blake  (  1976). ‘and  Tsehanz  and 
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EXPLANATION 


NOTE.  Oats  used  in  constructing  This  map  ate  trom^  (1)  lield  observations. 
(7)  1.62500  USGS  topographic  maps. and  (3>  1:60  000  and  125. 000 
(trial  photographs.  Due  to  scale  of  presentation  and  variability  ot 
terrai'  conditions,  this  map  is  generalized 


AT  I  ON 


IN 


(—  Drainage  spacing,  i.e.  the  maximum  number 
!  of  drainages  of  the  corresponding  category 

[  occurring  in  a  random  traverse  of  one 

[  statute  mile  (1.6km) 


DRAINAGE  DEPTH/DESCRIPTION 

Less  than  3  feet  ( lm) 

3-6  feet  ( 1  -2m) 


6-10  leet  (2-3m) 

10- 15  feet  ( 3-5m) 

Greater  than  15  feet  (5m) 
duplex  highly  variable  terrain 
defined  by  drainage  incision 
[«.g.  dunal  or  hummocky  terrains) 

Unsuitable  terrain 
Appendix  A2  0 .  Exclusion  Criteria) 
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led  exposed  rock. 


[atp  are  IronK  (I)  field  observation*, 
•ps.pntl  (3)  1: 60  000  and  1 :  25.000 
pf  presentation  and  variability  of 
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DEPTH  TO  ROCK 
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EXPLANATION 


^  Contour  indicates  rock  at  a  depth  of .  appro*  ima  te  i  y 
^^5 0«^^/  50  feet  ( 1 5m >  -  shading  indicates  rock  less 

than  50  feet  < 15m) 


Contour  indicates  lock  at  a  depin  ol  appro  irately 
150  feet  (46m)  -  hachunng  indicates  rock  less 
than  150  feet  (46m) 


Contact  betmeen  rock  and  dasin-fill 


Shading  indicates  areas  of  isolated  exposed  rock 


Data  Source  -  Fugro  boring  (8)  seismic  /• t; ac ! ion 
line  (S).  electrical  resistivity  sounding  <R). 

or  water  we  1 1  (N) _ 

Depth  to  rock  (feet)  or.  when  in  parentheses,  depth 
above  nhich  rock  does  not  occur  (feet) 


NOTE  The  contours  are  based  on.  geologic  interpretations 
and  the  limited  data  points  sho»n  nn  thp  mao  Some 
changes  in  contour  locations  can  be  erpected  as 
additional  data  are  obtained 


(depth  of .approximately 
idicates  rocn  less 


depth  of  app'oximately 
i  indicates  rock  less 


bin-  fill 


solated  exposed  rock 


8)  seismic  infraction 
it  i  v  1 1  y  sound  i  ng  ( R). 


in  in  parentheses,  depth 
occur  (feet) 
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EXPLANATION 

\ \\\\  .  v  Contour,  indicates  ground  water  at  a  depth  ot  approximately 

50  feet  (15m).  Shading  indicates  less  than  50  feet  (15m) 
to  ground  water. 


Contour  indicates  ground  water  at  a  depth  of  approximately 
150  feet  (46m)  Hachuring  indicates  less  than  150  feet 
i 46m>  to  ground  water . 


Contact  between  rock  and  basin-fill. 


Shading  indicates  areas  of  isolated  exposed  rock 


*2)1973 
75  1  700 


Data  Source  -  Fugro  boring  (B)  seismic 
refraction  line  (S)  electrical  resistivity 
sounding  (R),  or  water  well  (W);  see  Volume  EE 
Section  2.0. 

Depth  to  water  t  f eet ) 


Year  of  water  i 
level  measurement 

- H 

Depth  of  well  i  fel 


NOTE:  Tilt  contours  erg  based  entirely  on  the  Data  points  shown  on  the  *ap 
Ertansivo  Interpretation  ties  been  used  and  it  can  be  expected  that 
contour  locations  will  change  as  additional  data  are  obtained 


I  a  depth  ot  approximately 
Is  less  than  50  feet  ( 15m) 


I  a  depth  of  approximately 
Kates  less  than  150  feet 


II. 


Id  exposed  rock 


lismic 

•Si  st  m  ty 

Year  of  mater 

see  Volume  H 

level  measurement 

1 

Depth  of  wel 1  <  f  eet  > 

I  an  t h«  data  points  sho»n  on  the  map 
Men  used  and  it  can  be  eipected  that 
(•a  additional  data  are  obtained 
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EXPLANATION 

Area  suitable  for  hybrid  trench  and  vertical  shelter 
basing  modes.  Depth  to  rock  and  eater  greater  than 
150  feet  (46m). 

Area  suitable  for  hybrid  trench  and  not  suitable  for 
vertical  shelter.  Depth  to  rock  and  eater  greater 
than  50  feet  (15m)  and  less  than  150  feet  (4flai). 

Area  unsuitable  for  both  hybrid  trench  and  vertical 
shelter  basing  modes  as  determined  from  application 
of  depth  to  rock  and  eater,  topographic/terrain,  and 
cultural  exclusions. 

Shading  indicates  areas  of  isolated  exposed  rock. 

Contact  beteeen  rock  and  basin  fill. 


NOTE:  So  Xppendl*  A2.0  Table  1X2—1  for  details  regarding  suitable  criteria. 


T 


